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This application is a continuation-in-part of U.S. 
Serial No. 114,244, filed October 23, 1987, which is a 
continuation-in-part of U.S. Serial No. 898,587, filed 
August 21, 1986, the contents of which are hereby in- 
corporated by reference into the subject application. 

BACKGROUND OF THE INVENTION 

Within this application several publications are refer- 
enced by Arabic numerals within parentheses . Full 
citations for these references may be found at the end 
of the specification immediately preceding the claims. 
Ths disclosures of these publications in their entire- 
ty are hereby incorporated by reference into this ap- 
plication in order to more fully describe the state of 
the art to which this invention pertains. 

The different functional classes of T lymphocytes rec- 
ognize antigen on the surface of distinct populations 
of target cells. Helper T cells interact largely with 
macrophages and B cells ; cytotoxic T cells interact 
with a broader range of antigen-bearing target cells. 
These cellular recognition events are likely to be 
mediated by the specific association of surface mole- 
cules on both effector and target cells. The surface 
of T cells is characterized by a number of polymor- 
phic, as veil as nonpolymorphic, proteins which are 
restricted for the most part to T lymphocytes. Al- 
though most of these molecules are common to all T 
cells, two classes of surface proteins consistently 
differ on the different functional classes of T cells, 
and these proteins have been implicated in T cell-tar- 
get cell interactions. 
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On. class of surface aolecules distinguishes the myo- 
functional subsets of T lymphocytes: the su-«ac. 
glycoproteins T4 and 78 . Early in thymic development 
the glycoproteins T4 and T8 are co.xpr.ssed on the 
surface of thymocyte, In th . p . riph . ral iafflune 

astern, the T4 and T8 aolecules are expressed on mutu- 
ally exclusive subset, of T cells and are only rarely 
expressed on th. same cell (2, 3). The T4 aolecule is 
expressed on T cells that interact with targets bearing 
class II Mjor histocompatibility coapl.x (M HC> mole- 
cules, whereas T8-b.aring T cells interact with targets 
-pressing c * x „„ c prot . ifta ^ ^ ^ 

Th. T4 population of T lymphocyt.. contains helper 
cells, whereas th. T8 population contain, th. majority 
of cytotoxic and suppr.s.or ells («, 10) . How.ver 
rar. T4 t cells can function a. cytotoxic or supresl 
•or c.11. (6 . 10) , suggesting that th. .xpr.s.ion of T4 
or T8 i, more stringently associated with MHC class 
r.cognition than with .ff.ctor function. Th. signifi- 
canc. of th... mol.cul.. in T c.ll-target c.ll infrac- 
tion, can be demonstrate by studies with monoclonal 
antibodi... Antibodi.. dir.ct.d against sp.cific 
.pitop.. of th. T4 mol.cule (or th. murin. .quiv.l.nt 
L3T4) inhibit antigen-induced T c.ll prolif .ration 
ly»phokin. release and h.lp.r c.ll function (7, a, n, 
13. 12). Similarly, monoclonal antibodi.. directed 
against T9 (or th. murin. .quival.nt Lyt2) inhibit 
cytotoxic T c.U-a.diat.d killing (14, i 5 ) . These 
w ob..rvation«, along with th. fact that T4 and T8 do 
not r.v.al significant polymorphism, has l.d to th. 
hypothec, that T4 and T8 r.cogniz. nonpolymorphic 
r.gion. of class II and clas. I mol.cul.., r.sp.ctive- 
ly. 
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A second class of proteins thought to differ on differ- 
ent effector T cells are the receptors that recognize 
antigen in association with polymorphic regions of khc 
molecules (16, 17, 18). The interactions of helper\ 
5 lymphocytes are largely restricted to antigen-bearing 

target cells expressing class II MHC proteins, whereas 
cytotoxic and suppressor T cells are restricted to tar- 
gets bearing class I MHC molecules (4, 5, 6, 7, 8 , 9). 
These specific interactions may be mediated by the T 
10 C#11 r " c «P to r (or receptors) that recognize antigen in 
the context of specific MHC molecules (17, 18). Thus, 
the T lymphocyte may have two independent receptors 
capable of recognising both constant and polymorphic 
determinants of MHC proteins, and th.se receptors may 
ig be responsible for specific targeting of functionally 
distinct populations of T cells. 

The human acquired immune deficiency syndrome (AIDS) is 
characterized by a depletion of T4* lymphocytes. As 

x a consequence, T cell-mediated immunity is impaired in 
AIDS patients, resulting in the occurrence of severe 
opportunistic infections and unusual neoplasms. AIDS 
results from the infection of T lymphocytes with a 
collection of closely related retroviruses (lav, HTLV- 

25 or » now termed human immunodeficiency virus 

(HIV). The range of infectivity of these agents is 

r ** trictad to cells expressing the T4 glycoprotein on 
their surface. 

^ Therefore, the T4 glycoprotein may serve not only as a 
receptor for molecules on the surface of target cells, 
but also as a receptor for the AIDS virus. Monoclonal 
antibodies directed against T4 block AIDS virus infec- 
tion of T4* cells in vitr . Furtherm re, recent stud- 

35 hav * d * a nat « , ated that when T4 T lymph cyt*s art 
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«PO.. d to AIDS virua. th. ll0 ka . nv . lop . 
prot.xn of th. virus t . aa.ociat.d witl> th . J M ^ 
on th. ho.t c.H. ra . Inotropic charact.r of tL 
v»™ eoold th.r.for. b . by ^ restri „"* 

1ZII'~ 01 ^ "" Pt0r ' T< ' in «-W«.tl.n. of T 

lymphocytes. 

»• d.pl. tion of T4 * t ly » ph ocyt., in AI0S r „ ult> 
t*. W>Mtt of th. c.llul.r iaau „. r.,pon.. " 
.*Ut l0 n. AIDS i. fr .^. ntly acCMp , nl . d P by " c.„t r 1 
n.rvou. .v.t., ,«,, dy.f u „ c tio„, ao „ 
qu.„c. of . .ubacut. .ne.ph.uti.. AIBS viru , " " 

oh* h.. b .. n id . ntlli . a in a4f . ctM br , ina l ": n f*- d 
f"ia fT "* d fr °" b ° th b " ln — — «.p n™ 

««u* fro. pati.nt, vith n.uroiocie.1 di.ord.r.. Th... 
ob..rv»tion» >uga..t that th. i,„ , . ">•■• 

c.ll, » nrf i. ,. , ° S Vi^U • in *««« brain 

c.11. and i, d ir .=tly r.,pon,ibl. for th. CHS i.. ion , 

=b»rv«, in AI0S patl . nt .. lSu>> ^ aids 

b. neurotropic a. „. u a. ly-photropie. It i' 
20 important to d.t.rain. wh . t h.r T4 i, also 

.p^ific «r f , c . aol.cul., „. y Mtv . „ . r . c . ptcr f „ 
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Th« .lucKUtion of th. specific infraction, of T4 and 
vould b. facilitate by th. isolation of th. T4 and 
"^ M ' «**«»in«tion of th.ir structur., and th. 

ability to introduc. th.» into diff.r.nt c.llular en- 
viron^.. . Th. isolation and s.qu.nc. of a cDNA .„- 
^ coding th. T8 mol.cul. ha. r.c.ntly b..n r.port.d (19, 

20, 21). Th. d.duc.d prot.in s.qu.nc. indicat.s that 
T8 i, a awbran.-bound glycoprot.in with an N-f nninal 
doaaxn that b..rs homology to th. variabl. r.gion of 
immunoglobulin light chains. 
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SUMMARY OF THE INVENTION 

This invention provides a therapeutic agent capable cr 
specifically forming a complex with human immunodefi- 
ciency virus envelope glycoprotein comprising a poly- 
5 peptide. In one embodiment of the invention, the 
amino acid sequence of the polypeptide comprises the 
amino acid sequence shown in Figure 6 from about +3 to 
about +185 fused to the amino acid sequence from about 
+ 351 to about +369. In another embodiment of the in- 

10 vention, the amino acid sequence of the polypeptide 
comprises the amino acid sequence shown in Figure 6 
from about +3 to about +106 fused to the amino acid 
sequence from about +3 51 to about +3 69. In yet a fur- 
ther embodiment of the invention, the amino acid se- 

15 quence of the polypeptide comprises the amino acid 
sequence shown in Figure 6 from about +3 to about +18 5. 

This invention also provides a method for treating a 
subject infected with a human immunodeficiency virus. 
20 The method comprises administering to the subject an 
effective amount of a pharmaceutical composition com- 
prising an effective amount of a therapeutic agent of 
the invention and a pharmaceutical^ acceptable carri- 
er. 

25 
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BRIEF DESCRIPTION OF THZ FIGURES 

Figure 1. Cvtof luorooraphic P atterns of Indlrae* t„. 
Tnuno fluorescent Staining with Oig-4 and OKT+8 

Cells (5 x 10 5 ) wh.r. incubat.d with the mouse 
monoclonal antibodies 0KT«4B or OKT*8, washed, and then 
incubated with FITC conjugated goat anti-mouse immuno- 
globulin. The cells were analyzed on a FACS IV cell 
Sorter and plotted by a VAX 11/780 computer as cell 
number vs. log fluorescence. Untransf ormed NIH 3T3 
cells and L cells gave identical cytof luorographic 
tracings. _ Pro 2.2 is a leukemic T cell li„« with phe- 
notypa T3 ; T4 *. T8 +. T11 *. LT0 . 4 . a a T4+ priMry l 

cell transformant obtained following transfer of total 
genomic DNA. 3A + is an NIH 3T3 cell line that was 
transformed with the T4-pHV6tJc/neo retroviral expres- 
sion construct. 



20 Pi r" 2 * KcrtA *" Blot Analveim ot rka , 

T4 and T4 L Cells and Human c.n. 

Three microgram* of poly (A)* RNA or 12 „g of total RNA 
(peripheral T cells and thymocytes) were electrophore- 

25 »ed through a 0.8% agarose-f ormaldehyde gel, blotted 
onto GeneScreen (New England Nuclear), and probed with 
• P-labeled 0^.6 kb T4 cDNA insert. T4+ cells include 
LTD-4 (T4 , TS" L cell transformant) , SK-7 T cell hy- 
bridoma (T4 + , T8") , 0T-CLL leuJcemia (T4*, T8~) , Fro 

30 2 ' 2 (T4*, T8"), T4- enriched peripheral T 

lynphocytes, and human thymocytes. T4~ cells include 
untransformed cells, tX7 (T8* L cell transformant), 
HeLa cells, human neuroblastoma cells (IHR), and T8- 
enriched peripheral T lymph cytes. The human thymo- 

35 cyZm lan * waa •** * «r times longer and ph t - 
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graphed on high contrast film. 



Figure 3. Restricti 
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A. Alignment of th. Baa HI r.striction fragments of 
PT4B coma and th. T4 gene. The order of Baa HI f rag . 
-»t. in th. T4 gene w«. determined by Souther blot 
analyse and genomic clone mapping. The alignment of 
5 end of P T4B and the T4 gen. i, ahovil by dott . d 
and th. shaded region in pT4B corresponds t the 
coding sequence. Th. indicated sizes are i„ kilobases. 

B. Sequencing strategy. indicat . 1# o 

s.qu.nc. d.t.rmin.d by suhcloning fragm.nt, into M13 
and sequ.ncing by the did.oxy t.rmination procedure 

(JO). 
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C EuJcaryotic .xpr.ssion vectors. Thes. constructs 
contain tvo Moloney murine leukemia virus long t.rminal 
r«p.ata (LTRs) who.. ori.ntation. ar. indicated by 
arrow.. Th. pT4B cDNA was subclon.d into th. Eco Rl 
sit. of ..ch v.ctor in th. ori.ntation indicated, (a) 
Th. T4- P Vco.7 con.truct. (b, Th. T4-pMV«t3c/n.o con- 
struct contain, th. n.omycin phosphotran.f .ras. gene 
ru..d to th. HSV thymidin. kinas. promoter. 

FigU " 4 * Southern Blot Analv.i. „ f dma f.n. ,, w< .,.„. 
jL qrm.d and T4 L Cells and T. B. ,nd l ymphoid H^.n 
Cells 

Ten microgram, of cellular DNA. w.r. dig.sted with Bam 
HI, el.ctrophor...d through a 0.8% agaro.. g.l, blotted 
ont G.n.Scr..n,.and prob.d with a nick-translat.d pT4B 
cDNA in..rt. Th. indicated size mark.ra ar. in kilo- 



WO 89/08143 




PCT/TJS89/00762 



bases. Hybridizing bands of sizes 20 kb, 6.6 kb, 4 
1.8 fcb, and 1 Jcb appaar in all huaan ONAs . DMAs from 
T4 , nonlyaphoid origin includa untransf oraad L cells, 
huaan fibroblasts (CM) , huaan nauroblastoaa calls (NB) ' 
5 and Ha La calls. CB, CP58, and CP94 ara DNAa derived 

froa EBV-transf oraad huaan B call linaa. LTD- 4 is the 
T4"* priaary L call transf oraant . RPMI and HSB2 ara T4~ 
huaan T call lauJcaaic lines; E* calls and thyaocytes 
(Thya.) contain T4* T calls. OT-CIX, Jurkat ( JurJc. ) , 
1Q Fro 2.2, CZM, and Molt 4 ara T4+ T calls. g*M4 is a 

genoaic clona which contains sequences spanning tha 3' 
and of tha T4 gene. 
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Figure 5. Ianunoprecjpitatlon of tha T4 Glv COP mt.<n 
froa WIH 3T3 Calls Transf Qra « d yjth ^ m Ret:rovtr>>1 
Exprmlon Constructs 



L-[ S]-aethionina labeled protein, froa two indepen- 
dant NIH 3T3 transf oraants, paripharal T lymphocyte 
and untransf oraad 3T3 calls vara sub j acted to lentil 
lectin chroaatography to enrich for glycoproteins. 2.5 
x 10 cpa of each saapla was praclaared and than ia- 
aunoprecipitatad with 0KT*4 aonoclonal antibodies and 
Protain A-Sepharoae. The beads wars washed, dissolved 
25 in aaapla buffer, and alectrophoreaad through a 10% 

3D8-polyacrylaaide gal under reducing (lanaa a-d) and 
nonreducing (lanaa a and f) conditions. Lane a, un- 
transforaad NIH 3T3 calls. Lana b, T4C2 , an NIH 3T3 
call transf oraad with the T4-pVcoa7 construct. Lanes c 
and a, 3A+, an NIH 3T3 cell transformed with the T4- 
pMV6t*/nao construct. Lanaa d and f, peripheral huaan 
T lyaphocytas. Relative molecular masses (M ) ara 
given in kilodaltons. r 
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Flaur « 6 ' nucleotide Stquine. the T4 cBMi and Tr,.«. 

lated S equence of the T4 Protein 

The nucleotide and predicted amino acid sequences of 
5 the cDNA clone pT4B obtained according to the sequenc- 

ing strategy outlined in Figure 3B. Numbers shown 
above the amino acid sequence de.ignat. amino acid 
re.idue position.. The numbers on the right show nu- 
cleotide positions. All extracellular cysteines are 
1Q marked by (., or (o) . The leader sequence (L) , vari- 

able-like (V), joining-like (J, , transmembrane (TM) 
and cytoplasmic (CYT) regions are indicated by horizon! 
tal arrow, below the sequence, although the exact 
boundaries are ambiguou.. Two potential N-l inked gly- 
cosylate site. (Asn-Leu-Thr) are also indicated 
(CHO) . 

FigUM 7 * In Vltro Translation p w A derived cc < 
Transcription ~ 

The full length T4 cDNA insert was subcloned into the 
RHA expression vector P SP€5 (Promega Biotec) . Linear- 
ized plasmid DNA was transcribed with SP6 polymerase 
(40), and RNA was translated in a wheat germ system 
(B«th«s<U Research Laboratories) containing L-[ 35 S]- 
■•thionine. The in vitro translation products were 
subjected to electrophoresis through a 10% SDS-poly- 
acrylamide gel (lane T4) . Bovine pituitary RNA (BP) 
was used as a control. Relative molecular masses (M ) 
are given in kilodaltons. r 



Figure 8: Schematic diagram of the T4 glycoprotein 
spanning the cell membrane 
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T4 consists of four tandam vj-iik. domains ( v j - v j 
a hydrophobic maabrana-spanning sagaant ( shaded' area)' 
and a chargad cytoplasmic ragion (CYT) . Two potential 
N-linJcad glycosylation sit. a in th. .xtracallular -or- 

5 tio„ ar . indicat . d ( Th . poaitiona of . nt ; ona 

2-a in tha T4 gana ara alao aarkad ( ) . 

FigU " 9 - Ali?M,nt of th * Joining ~-_ n 
globulin Gana P»»iiy 

A. Aligna.nt of th. variabl. ragion aaino acid ... 
quanc. of T4 with a aous. Kappa light chain imaun - 
globulin J60 « («6,. T8 (20) , a human T call anti g .« 

°~t: yt35 (97) • m a h ™ n * 

r.c.ptor a-chain HPB-KLT a(98 >. Tha invariant r.si- 
dua, in tha light chain variabl. ration ar. includ.d 
inv.) ln th. aligna.nt. Th. alignm.nt waa p . rfora#d 
in ordar to aaxiai*. id.ntitia. and structural hoaolo- 
gx- with T4, which, appaar as boxad r.aidu.a. Th. 
lin.. b.low th. a.qu.nc. with l.tt.rs A, B, C c D 
E, F, a*d G indict, th. raaidua. which form /-strands 
(67). j-.trand G continu.s into th. J s.qu.nca. 

B. Alignment of th. joining r^ion amino acid saquanca 
of T4 with th. con.an.ua J saquanca. of th. T call 
•ntig.n racaptor *-ch.in, immunoglobulin lambda and 
Jcpp* light chains, and th. J s.qu.nca of tha human T 
c«ll rac.ptor a-chain (99) . 

C Aligna.nt of tha tran.maabrana ragions of T4 and an 
MHC clas. II ,-chain (100, . Th. putativ. transaaa- 
bran. domain (TM) is indicatad b.low th. s.qu.nc. 
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Figure 10. Restriction nuclear aap of the T 4 ae n» ^ 
human chroaosoaal DMA 

The positions of the 9 axons were determined by genomic 
clone mapping, Southern blot analysis, and nucleotide 
sequencing. The leader sequence (L) , variable-like 
(V), joining-like (J), transmembrane (TM) , and cyto- 
plasaic (CYT) regions are boxed. The position of the 
aethionine codon surrounded by the initiation consen- 
sus sequence is indicated (ATG) at the beginning of the 
leader exon (L) ; the termination codon TGA is shown at 
the end of the second cytoplasmic exon (CYT) . The 
indicated sizes are in kilobases. 

Figure 11 . Recombinant B«i-^ < ral Exprttg , lon v<B<rtora , nH 
Constr uction of Transformed Calii 

A. Recombinant retroviral expression vectors. pM V7 
contains two directly repeated Moloney murine sarcoma 
virus long terminal repeats (LTRs) in the orientation 
indicated by arrow*. pH v7 also contains the bacterial 
neomycin phosphotransferase gene (neo) fused to the HSV 
thymidine kinase promoter (tx) . Full length cDNA in- 
serts encoding T4 (T4B) (70) or T8 (TSri) (20) were 
•ubcloned into the Eco ri site in the orientation indi- 
cated by arrows, generating T4-pMV7 and T8-pKV7 , re- 
spectively. The coding sequences are shown as shaded 
regions. The indicated sizes are in kilobases. 

B. Retrovirus-Mediated Gene Transfer Strategy. 

Figure 12. The Eff iciency of Infection of Waturallv- 
Isolated and Transformed T4* Cells 
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Call* vara inoculated with sarial 10-fold dilutions of 
AIDS virus, incubated for 18 hours at 37 «c, washed, and 
platad in nicrocultura. Tha fraquancy of infactad 
culturas was determined by an enzyme-linJced iamunoab- 
5 sorbant assay (ELISA) 12 days post-inf action (46). Tha 
r.sulta vara plottad as % positiva culturas vs. log 
virus dilution. Infectious virus titar (ID-50) is 
dafinad as tha reciprocal of tha dilution at which 30% 
of tha cultures ara positiva for virus (47). Naturally 
1Q isolated T4 + calls includa phytohemagglutinin ( PHA) - 
stimulated normal peripheral lymphocytes ( j> a j 

and tha T call lina CEM ( c 9 ) . T 4+ transf.cted 

call linaa includa HS82-T4* T calls ( A * ) and 

Raji-T4 + B calls ( ■ f ). Tha T8+ tranafect.d call 

is linaa HSB2-T8+ and Raji-T8 + ( □ □ , served as 

controls in thasa studiaa. 

Figure 13. Formation of synec hia In ta + He La Tran- 
f oraanta 
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A. 2 x 10 monolayer HeLa-T4 + tranformants ware mixed 
with 2 x 10 4 AIDS virus-producing H9 calls and incubat- 
ad at 37'C. Inspaction of tha culturaa after 18 hours 
revealed that ovar 90% of nuclei in tha monolayer sheet 
war* contained within syncytia. 

B. Aati-T4A monoclonal antibody (1:20) was added to the 
mixad culturaa at tha time of seeding. Inspection of 
tha culturaa after 18 hours revealed a complete ab- 
aence of call fusion. 

Culturea ware photographed at 160 X magnification. 
Figura 14. Flow cyt ometry Analysis of AIDS Virus bind- 
ing t T4* Trans f rmed Cells 
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Column A. Calls (5 x 10 5 ) were incubated with flucres- 

cain-conjugated anti-T4A ( ) or anti-T8 — } 

aonoclonal antibodies, washed, and analyzed by cytc- 
f luorometry . 

Column B. cells (5 x 10 5 ) were incubated with buffer 

(— - ). or AIDS virus ( ), washed, incubated with 

fluoresceir.-conjugated anti-AIDS virus antibody, and 
analyzed by cytof luorometry . 

Column C. cells (5 x 10 5 ) ware incubated with buffer 
( ), or with anti-T4A monoclonal antibody followed by 

AIDS virus ( ), or with anti-T8 monoclonal antibody 

followed by AIDS virus (-•-•-). After a wash, fluores- 
cexn-conjugatad anti-AIDS virus antibody was added and 
tha cells were analyzed by cytof luorometry. 

Flouorescenca histograms (cell number vs. fluorescence 
intensity) of each cell lins are arranged horizontally. 

Figure 15. northern B lot Analysis of RNA Dsrived from 
Human and Mouse Brai n. Lymphoid, and Myeloid Cell a 

A. Northam "blot analysis of human RKA samples. cne 
microgram of poly(A)* RNA from Raji (T4* b cell line), 
U937 (T4* monocytic cell line) , and Jurxat (T4* T cell 
linm), and fiva micrograms of poly (A)* rna from cere- 
bral cortex, were electrophoresed through a 1% agarose- 
formaldahyda gel, blotted onto Hybond (Amersham) , and 

3q probad with a 32 P-labelled T4 cDNA insert, pT4B (70). 

B. Northern blot analysis of mouse RNA samples. Five 
micrograms of poly (A)* RNA from 3T3 cells (fibroblast 
cell lina) , f rebrain, and hindbrain, and 20 micrograms 

35 ° f * tal RNA frOB thymocytes, warm eletr ph r sed 
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through a 1% agaroae-f oraaldehyde gel, transferred onto 
Hybond, and probed with a 32 P-laballed L3T4 cONA in- 
sert, pL3T4B. 

5 Figure 16. Plasmid map of psT4DHrn 

Plasmid psT4DHFR is a pUCIS derivative containing bp i- 
1257 of tha T4 CDNA clona pT4B which encodes tha laadar 
and extracellular segmant of T4 . This sT4 cDNA is 

1(J insartad batwaen an SV40 aarly promoter and a synthetic 

linker containing a TAA termination codon (insat) fol- 
lowad by tha polyadanylation region of tha bovine 
growth hormone gene. Tha sT4 expression cassatte is 
linked to a mouse hdfr expression cassette consisting 

15 of tha tf-globin promoter, mouse dhfr coding sequence, 

and tha SV40 polyadanylation region. 

Figure 17. Fluorescent histogr am (cell n »™H^ „- 
fluorescence intensity! 
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sT4 inhibits HIV binding to T4+ CEM cells. Calls ware 

incubated with buffer ( ), HIV preincubated with 

sT4 < ) ' °* with HIV preincubated with concentrat- 

ad control supernatant from untransf ormed DXB-li cells 

( ) » vaahad, exposed to fluorescent-conjugated anti- 

HJV antibody, and analyzed by cytof luorometry . A fluo- 
ramcant histogram (call number vs. fluorescence inten- 
sity) is shown. 



Figure IS. Inhibition of HTV infectivltv bv sT4 

Infectivity titration of an HIV inoculum (ID-50 assay) 
was parformad. Sarial 10-fold dilutions of virus inocu- 
lum are incubated with indicat r calls (PHA-stimulatad 
huaan lymphocytaa) f r 18 hrs. Tha calls ara than 
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washed and platad in microculture (l x io 5 cells pe- 
culture, 10 cultures per dilution). At day 4, a, anc 
12, supematants are tested for HIV by the antigen 
capture assay. ID-50 titrations were performed in 
media containing 8.6 yg/ml sT4 which was added to the 
HIV dilution 30 minutes prior to inoculation of cells 
and maintained in the culture media throughout the 
experiment ( ■ ) , or in media containing sT4 introduced 
after the initial 18 hr inoculua ( O ) (delayed addi- 
tion control), or in media without sT4 (O ) {con- 
trol) . 
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20 



A. Plot of percent of cultures positive for HIV at day 

8 versus dilution of virus inoculun. 

B. Plot of ID-50 (reciprocal of virus dilution at which 

50% of cultures are positive) at days 4, 8, and 
12. 

C. Plot of percent of cultures positive for HIV at day 

8 versus varying concentrations of sT4 using a io" 
dilution of HIV. 
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DETAILED DESCRIPTION OF THE INVENTT 
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This invention provides a therapeutic agent capable cf 
specifically forming a complex with human immunodefi- 
ciency virus envelope glycoprotein comprising a poly- 
peptide, m one embodiment of the invention, the 
amino acid sequence of the polypeptide comprises the 
amino acid sequence shown in Figure 6 from about + 3 to 
about +185 fused to the amino • acid sequence from about 
+ 351 to about +369. m another embodiment of the in- 
vention, the amino acid sequence of the polypeptide 
comprises the amino acid sequence shown in Figure 6 
from about +3 to about +106 fused to the amino acid 
sequence from about +3 51 to about +3 69. In yet a fur- 
ther embodiment of the invention, the amino acid se- 
quence of the polypeptide comprises the amino acid 
sequence shown in Figure 6 from about +3 to about +185. 

A pharmaceutical composition useful as a therapeutic 
agent for the treatment of a subject infected with a 
human immunodeficiency virus is also provided. This 
pharmaceutical composition comprises an amino acid 
sequence of the present invention which is capable of 
specifically forming a complex with a human immunode- 
ficiency virus envelope glycoprotein and is soluble in 
an aqueous solution and a pharmaceutical^ acceptable 
carrier. Such pharmaceutically acceptable carriers are 
known in the art to which the present invention per- 
tain* and include, but are not limited to, 0.01-o.lM, 
Pr«*«raoly 0.05 M, phosphate buffer or 0.8% saline. 

A method for treating a subject infected with a human 

immunodeficiency virus is also provided. This method 

comprises administering to the subject an effective 

amount f a pharmaceutical composition containing a 



% % 
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pharaac.utically acceptable carrier and an a Bino aC id 
s.quence of the present invention, capable of spec-i- 
cally forming a coapl.x with a huaan iaaunodef i- enc y 
virus envelope glycoprotein and soluble in an aqueous 
solution, so as to render huaan iaaunod.f ici.ncy viru.- 

^. (al ?/" f ' r " d t0 h '" in " AIM vi «"»> vith vnich 
the subject is infected incapable of infecting T4 - 



logical properties of the , T 4 protein indicate the 

aids :r valu * in th - pr - v - ntion — 

inhib tor of extracellular and c.ll to cell spread f 

fctl ? • JrtraC * 11Ular of th. virus. There- 

for, ,T4 i. of v.lu. both a. a prophylactic and thera- 
peutic agent for treatment of AIDS. 

A» a prophylactic, , T 4 i. administered to individuals 
at high-ri.* for th. disease or individual, who show 
exposure to HIV by th. presence of antibodies to virus 
Admiai.tr.tion of an effective aaount of sT4 at an 



35 



— • « *. ^ aw an 

•*rly .tag. of th. dis.as. or prior to it. ons.t acts 
to inhibit infection of T4+ lyaphocyt.. by HIV. a. a 
th.r.peutic, adaini.tration of ,T4 to p.rsons infected 
with HIV act. to inhibit extracellular spread of th. 
viru.. 

Fu.ion b.tw.en HIV infected cell, and oth.r T4+ lyaph - 
cyt.. al.o appear, to b. a rout, of viru. spr.ad. 
Furth.r, fu.i „ Bay b. ra.pon.ibl., i„ pa «, for ^ 
iapaira.nt of T4 ly»ph cyt. functi n and ultiaat.ly 
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th. «-Pl-««» •« T4* lyaphocyt., in inf .«. d 

C *" fU,1 ° n " <••*•"-•« =n both v iral , nv . lep . 
g.n. product, and th. T4 r.=.ptor and can b . inMsi 
by th. 0KT4A. = r ,uu. r MMelOM1 antibodi., ^a" 

i. .xp.ct.d to diaini.h th. c.ll to c.ii 

viru. and th. le .. of „• lyaphocy ^. ^i,."""- °' 

Th. T, r.c.ptor i. aonooorphic and thu. ,T4 t, b.li.v.d 
)0 to b. a univ.r.al inhibitor or viru, which r.co,"" 

t£ ourf.c. do„.i„ or th. T 4 r.c.ptor. ineluai^" 

.xL^ "! °" d ^ "» bin " i - -itH oth.r ag.nt., for 

Mt. . fr .etiv« th.rap.utic aa.nt 

=.H to c.il tr„„i..io„ of inaction. , T « ^ 
M b. u,.d in cc«bin.tion with oth.r .nti-vir.l ag.nt, 

«or .x«pl., aridothy.idin. (AZT) . 

.n inhibitor or w* c.ll function. Mu».rou. ,tudi., 
a *«99~e . critic.1 rol. for th. CD4 r.c.ptor ,CD4 i, 

9«»r«l t.r»i„ology for th. huwn T4 r.c.ptor and it. 
co-nt.rp.rt. l„ oth.r „!!„ in imaun . M 

«c, particularly in th. p.thog.n.,i, and pro,r...ion 
of .utoiMun. di...... „„ m ho .t ,p.ciftc graft r.- 

w Action. Of particular r.l.vanc. to ,T4 ar. th. ob..r- 

vation. with anti-C04 Ml.. Through th.ir ...oci.tion 
with th. C04 r.e.ptor. c.rtain of th... ,ub. awlior.t. 
•utoimun. r..pon... and graft r.j.ction. Exa.pl., 0 f 
•»ch acti „ includ. inhibition t T-c.U function in 
2i£E2. t r tmpl., „tig.n induct prolif .ration? 
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lynphokine secretion and helper cell function by c .~ 
tain anti-CD4 Mabs; treatment of systeaic lupus eryr'I- 
aatosus by administration of anti-CD4 Mabs to retard 
tha onset of aurine lupus; and grafting studies in aice 
5 wherein a single dose of aurine Mab directed against 

the aurine CD4 receptor results in acceptance of ^. 
allograft. 

The aolecular consequence of the binding of Mab to CD4 
10 im unclear. The Mab. aay block the association of C04 

with xts ligand, which ligand, evidence suggests is a 
conserved epitope on MHC class X X antigen. (121,122) 
However, at least soa. of these ,am. Mab. inhibit CD4 
call activation by an apparent cla.. xx independent 
patn* 



15 



»T4 is .1.0 bali.v.d to inhibit T-c.ll iht.ractions as 
a competitor of c.llular T4, p.rhap. by binding to 
•xtrac.llular target aol.cul.s which normally interact 

^ with tha surface domain of the T4 receptor. This dis- 
tinction between Mab. and sT4 could have important 
functional consequence.. For example, wher.a. some 
Mab. directed against T4 elicit a response on the T4 
call, .T4 aay .licit a response on cells expressing MHC 

25 clM « 11 *ntigena. Also, the affinity of T4 for its 
presumed cla.. II ligand appears to be quite low corn- 
par*! to tha high affinitie. of Mab. directed against 
T4. Thua, although Mabs and sT4 may interfere with the 
•*»• processes, they would affect different target 

3Q noleculea and different target cells. 

As a prophylactic or therapeutic, sT4 i. administered 
parenterally, preferably intravenously. T ha agent can 
administered by infusion or by injection, e.g., 
35 dail y» vaaXly r a nthly. The amount and rata t sT4 
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administration is salect.d so as to Mi nta in an «„ ec 
tiv. amount of sT4 in circulation. An alternative ' Md , 
of administration would be extracorporal , eaploying sT 4 
as a dialysis agent. 

Th. ,T4 prot.in of this invention can also be used a , a 
reagent to identify natural, synthetic or recombinant 
: ol.cul : , whi h act * hmpMic ag . nts or £ 
or T4 call interactions. 

s F a 0 y r , #X ::^'as ST4 Pr °" in ~ * "~ ~W 
by L s "IT ^ Pr ° t-in int -««ion a.asur.d 

ly ZT M «^«*i-. to provid. a biochemical- 

ly PWt, aqueous soluble r.ag.nt which may ba usad in 

For axampla, « lms . aT4 binda to HJV . nv 

-xxtura. containing HIV ^ proteins, it"cl„ ba ttMd tl 

vitTd. f t°a r 'rf 1 ' 0 " of viru * bindin9 - — « 

^ro dat. shoving that sT4 bind, to calls expressing 

targeting «ol.cula for HIV infactad cells in vivo . A , 
• targat spacific carrier prof in. .T4 c«Ts7r^, for 
exampl., a. th. carrier prot.in for d.liv.ry of cyto- 
toxic agant* to the infected calls. 

la addition, ba.ad on data showing that tha T4 racapt r 
•Pacifically ...ociate. with MRC class II antigens on 
antig.n-pr.s.nting cell, ., suggested by tha class re- 
striction of T4 cell., .T4 can ba usad in combination 
with class II antigen, to test for inhibitor, of T4 
lymphocyte - target cell interaction.. In addition to 
tha.. example., which are ba.ad on direct binding as- 
say, batvaan .T4 and it. targat » lecul.., » r . c aplax 
a..«y. can be da.ign.d which r.ly „ ^ bi 
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responses to sT4 recognition. 

Further provided is an expression vector encoding a 
polypeptide, the amino acid sequence of which comprises 
the amino acid sequence shown in Figure 6 from about *3 
to about +185 fused to the amino acid sequence from 
about +351 to about +369. In another embodiment of the 
invention, the expression vector encodes a polypeptide, 
the amino acid sequence of which comprises the amino 
acid sequence shown in Figure 6 from about +3 to about 
+ 106 fused to the amino acid sequence from about +3 51 
to about +369. In yet an additional embodiment of the 
invention, the expression vector encodes a polypeptide, 
the amino acid sequence of which comprises the amin 
acid sequence shown in Figure 6 from about +3 to ab ut 
15 +185. 

A host cell comprising the expression vectors of this 
invention is also provided by the present invention. 
In one embodiment of the invention, the suitable host 
is a bacterial cell. In another embodiment of the 
invention, the bacterial cell is an Escherichia coli 
cell. In yet another embodiment of the invention, the 
suitable host a eucaryotic cell. In a further embodi- 
ment of the invention, the eucaryotic cell is a mamma- 
lian cell. In yet a further embodiment of the inven- 
tion, the eucaryotic cell is a yeast cell. In still 
another embodiment of the invention, the suitable host 
is an insect cell. 



20 



25 



30 



35 



The present invention also provides a means for produc- 
ing sT4 consisting of the predicted extracellular do- 
main of the T4 receptor. Using that portion of the T4 
cONA which encodes the leader and extracellular domains 
of the T4 receptor, i. pre sT4, vectors are con- 
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structsd capable of ov.rsxpression of sT4 in aaaaai 
calls. 

Th« s«qu«nca of on« sT4 is as follows: 



10 



15 



20 



25 



30 



35 



WO 89/08143 W W PCT/LS89/00762 



30 



10 20 
* 



70 



80 



90 



40 SO 

ccc err tcc ~~ 

100 

*0 



» no 

"■«-' »i «» «» 5 iK iS SS 2 2 « « 2 ~ 



130 



140 



150 



170 



10 



15 



20 



25 



30 



- # 160 

CTC 0Q3 CTC GOl GQ r=rr> jlt-t ."til * * 

«--.-.ssssus25:aa2-{ !:{ M« s - 

150 ^ 



200 210 

ju-i — * • 220 230 240 
230 260 

• • ™ 2M 290 3 oo 
AAC CAC ATX AAC AST CIC oat a*t * • • 

a«r l«i Uar Lys Gly s«r Ly% 

310 320 330 

<-i*3 AAX GAT OSC OCT SAC TTX w.. . • • . 

«.5SSS22525as!£222S 



370 3 tO 390 

* • • 400 41 ° 420 

SMssasaassssaaaaasas 

430 440 430 ,„ 

* • . 460 « 7 ° 480 

« sc p» p» Gly s« sc p» sc V4i cin cyi 
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550 560 37o 

• • . 330 590 600 
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«70 UO 6 9o 



• • . 710 ? 20 730 

AAA AJX GAC AIC CTO CTC C3^ OCT TT rv; iv r 153 * • . 



73 0 740 730 



V»l TVr Ly. Ly, Glu 



7*0 770 



* • '~ "° 780 

<=» GAA Ofi CTC GAC T7C TCC TK? crx rrr- o . * * 

• • • "° 890 900 

910 9 20 930 UA 

15 * • • 940 950 ^ 

* • . -i 000 ioio loao 
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The coding sequence for sT4 is obtained, for exaapie, 
by synthesizing the gene using the known DNA sequence, 
by standard cloning techniques based on the sequence 
and by reisolation by detection of protein, i.e., tran- 
sfection of cDNA clones from T4 expressing cell lines 
and identification by antibodies directed against the 
protein. cDNA clones carrying the sT4 coding sequence 
are identified by use of oligonucleotide hybridization 
probes. The probes are designed based on the Known 
sequence of the T4 protein. Having identified a clone 
carrying the sT4 coding sequence, the coding sequence 
is excised by the use of restriction endonucleases and 
inserted into cloning and/or expression vectors. In 
an expression vector, the sT4 coding sequence is opera- 
tively linJced to regulatory functions required or de- 
sirable for transcription, translation and processing 
of the coding sequence. 

Regulatory functions include, for example, functi ns 
required for RNA polymerase binding and transcription, 
as well as other functions such as polyadenylation and 
enhancement of transcriptional sequences. The promoter 
can be regulataole so that, for example, expression is 
not induced until after transfection and selection of 
transformed clones. Promoters useful in the practice 
of thsj invention include, for example, the SV40 early 
promoter, and the long terminal repeats (LTR's) of rous 
sarcoma virus, moloney sarcoma virus or cytomegalovirus 
(CMV) . 

Prior to transfection, the sT4 minigene, i.e., the gene 
encoding the leader and extracellular domains of the T4 
receptor, preferably is incorporated into a larger DMA 
molecule which comprises a genetic selection marker 
system. The select! n marker system consists of any 
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9«. or ,.„., „ hicn cauj . , „ d . tMMb 

typie =h« n o. in . tr ,„,,.cr.d h0 . t e . u . ^ £^ 

«yp« =*.„,. My ... Jor . XMpl ., iorB . t l' h d ^; 

thin, guanin. p hM p h oriho. yl tr.n.f.r... ^ »"* 

■idin. (TX) aBd „ llctoUn|| , J *"^> • *y- 

«Pic y .d to in=r.„. „ py nua6 . r> wh.th.r Dy in".".^ 
tr«.f.ctio„ .,f ici . ncy „ by ^ w^"""* 
r.plio.tion of th. ,.„. of i„ t . r .. t *.l.e«^ 

. rMi "">"' ' <=« <H-P.».ph.n.o.t y l-" 
a.p.rt«t. r..i,tano.) .„„ .d.no,i„. d.-in... 

oxycofor» y cin r..i.t.ne.) . ' 

th. l.. d .r ,.qu. nc . .pp..„ to ^ el . 
-t»r. „4 i, ,. cr . t . d iMo ^ condltton . d ^ J d 

in th. pr.f.rr.d pr.otic. of th. invention, th. , T 4 
-ini,.n. u ulth , BUMn ^ ^ £ 

drofol.t. r«i»ct,.. (dhfh) . iBi ,. n . to er .. t . 
praaaion vectors. 

Tt» T4 Inigan. i, UnjMd> fot . X41 „ pl . ; wlth ^ huMB 

H-aa or »ou.. DHn. in ord.r to provid. , Ml . e ti „ 
-«rk.r «d »..„, to ..l.ctiv. ly u.piify ,.„. t „, Ittltal 
through co-tr.n,f.etion with th... ,.„... Comon ... 
l.ction ».rk.r, inciud., for .x^l., 0Hn( , 041 , or 
hJTCroavein which ..Let for int.gr.tion of f.w a. a 
.inol. copy of th. g .„. of int.r.at. ^pUfic.tion 
with, f r .xaapl.. a.thotr.x.t. (B tx) tn th. DHTR , y ,- 
r,mlM i» v.r.xpr.. ion f th. 
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An alt.m.t. a .„, of in=r«„d .xpr.s.ion of th. „„. 
inciud.. us. ot th. m prote . oncoo . n .. o 
faaiiy inciud.. th. H-rj., x-rj, and N-ra. ,.„.~ " ™ 

fr«!T applic " ion °' th * '»*•»«•». «» H . m ;. n . 

, 0 lin**!. s.., for .xanpi. „ - * n 

4, 399, an. X ' °- S - P "» nt No- 

ov.r.xpr...io„ of ,.„. product. i„ BMMllin c . Ui CM 
b. achi.v.4 by tr.„,i.„t „ « =« 

„ =v.r.*pr...i on c.„ b. .chi.vd by vir.l „thod. "c^ 

"on U " t :L V * CeinU VlrU * V,Ct °" ~ 

which ,UC " " With SV -° v ««°» c.u. 

which .upport sv-40 r.plic.tion. Th... B .thod. u ^<! 

a.t.ly l..d to c.U d..th. st»bl. ov.r.^r.1.! 

« throuo* M1 .«io„ , or g . n . Mpliric , tio „ J tRro ^ 
th. u.. of th. rjj proto-onco9.n... 9 

Ov.r.x P r M . len of ,T4 prot.in by co-tr.n,f.ction u.in, 

c.U lin.., vith pr.,.,,.,, ^ J 

b*l», th. KM-,,, c . u lin . whieh iB , contact »™ 

ctudT^ ,U,r0bla " oth.r c.U Un.. in- 

ciud. th. nor-.! r.t Xidn.y (NWt ) (ATCC 1571, e.il lin. 

M ms) ™* "* ry0 ' lbr0blM,: " ~U lin. 
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m« ^ "Action «r*« .y.t... , or . XMpl ., 

oh™ with „th tr.x.t. ( DHrR/MTX fchniou., , wh.r.in 
"plifieatl n of e py mab.r 1. achi.vd by ..l. c - 
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tiva amplification, tha Chinasa haastar ovary call -;„, 
(CHO) is preferred. in particular, CHO call, d.fic*ant 
in DHFR ara us.d (116). oth.r call typa, which may b. 
usad includa, for .xaapla, any maaaalian call which 
has bssn modified so as to bm DHFR*. 

soum-urn* call typa. may ba u.^ in combination with 
mutant DHTR g.naa which ara 1... s.n.itiva to a.tho- 
traxata than normal DHFR (Xxal, U.S. Patant No. 4 399 - 
216) . in principla. DHFR+ call, aay ba u.ad in combi- 
nation with noraal DHFR g.„.. and „ addltional doni . 
nant aal.ctabl. g.na such a. th. g.n. for G418 r.sis- 

d^\ (1 h 17 !' TraMf - Ction out u.ing stan- 

dard tachniqua. ( n 8 , 119,. Th... tachniqu.. includ., 
for axaapla. calcium pho.phat. pracipitation, DEAE- 
daxtran indued pinocyto.i., al.ctropor.tion and viral 
trans fact ion. 

Following tran.faction, a call which carri.s th. . T 4 
ainigana i. cultur.d in a nutri.nt aadium und.r condi- 
tion, which p.mit amplification of th. sal.ctabl. 
g«n.. standard mammalian call cultur. aadiu* can ba 
•»ployad, for axampla, 712 aadium (GIBCO, Grand Island, 
Nov YorX) without hypoxanthin. and thyaidin. and con- 
25 tainin^ 10% fatal bovina sarua. c.ll cultur.. ara 

■alntainad at aabiant prasaura at 30 to 45 *c. calls 
which auxviv. ..l.ction and axpraaa high lav.ls of s T « 
prot.in ara salactad for furth.r culturing. Such calls 
ara culturad undar salactiva condition, and tha prod- 
x uct, tha .T4 protain, is coll.etad and purifiad. 

Call cultura aathod. which aay ba aaployad in tha prac- 
tica of tha invantion includa, for axaapla, uaa of 
adh.rant call, or growth of call. in a au , p naion< 
35 Conditi nad madiua (CM) can ba c llaetad fr a calls 
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srovn in , u ,p.„. i0 „ or adh . r , d to aolid >upporti . 
CM i. prp«r.d fro. adh.r.nt c.u. grown ia '..^.1 
bottl., or crovn on ,oiid .upporr, and cultur . d 
»u»p.n.ion or in fluidiz.d or p.ejMd B .d,. „ is ... 
P«r.d fro. su,p.n»ion c.u. in .tirr.d-tank v., Mll " 



Th. .T4 of tft. inv.ntion includ.. d.rlv.tiv., 



addition. d.J.tion. or .ub.itution. whlch 
oo not . ig „i fl e.nt ly ,dv.r,.ly ,.«.tion o t " a I 

Vrlt T° T "H"" 1 -* — 1- — «» .«i-it» o 

d3L , " * " ln ° ~ b « •*•- to or 

».l.t.d f ro» th. h- or c- t.r»i„„.. 0r , on . „ , f „ 

»ino «id.. pr.,.r.b ly „o TO r. than t our „i„o .c d" 
=.n b. in..rt.d into. d.!.t.d or ,ub.tit«.d f or int.r- 
-1 -ino .cid. Mt.rn.tiv.!,. . hybrld pret :: n r ; 
i.... . tr.n.l.tion.l fu,ion. =.„ b . con,t«ct.d b.- 
tv«n ,t« .„d . protoin crri.r, .noth.r «tio.n or 
oth.r ,T4 .ol.cul., to pr.p.r, . po ly -, T « .oi.cuL. In 

ELTf * * lt,rn " iV *' » T< >• .yn«.tie.u y con- 
jugatad to a carrier aolacula. 

Ona aafcodi.ant of a aT4 d.rivativ. i, illustrate in 
th. Exa*pla. balov (,•. Exaapl , 3) . Afflnity of ^ 
«4 for HIV anv can ba da.on.trat.d by a compatitiva 
blading ...ay uaing a .T4 aol.cul. having a toovn af- 
finity or uaing antibodia. which racogniz. tha T4 ra- 
cptor, auch a. OKT4 and 0KT4A. Usaful d.rivativa 9T 4 
aolacula. of tha invention ara aal.ctiv.ly pr.cipitatad 
from conditionad aadiua by 0KT4A aa ahovn in Exaapla 3 
D-rivativa. can b. praparad cha»ically, aft.r axpr.a- 
.ion, or ganatically, prior to axpr.a.ion, by aanipuia- 
ti n of tha coding aaqu.nca for tha 1 adar and/ r 
•xtracallular d main. 
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The sT4 of the invention can be purified froa the spent 
culture media using various protein purification tech- 
niques, for example, affinity chromatography; ion ex- 
change chromatography; size exclusion chromatography; 
hydrophobic chromatography or reversed phase chromatog- 



raphy 



ST4 can b. purified by affinity chromatography using 
ganaral group-specif ic adsorbents, for example, carbo- 
hydrate binding or dye affinity ligands; or u ino 
Uganda that .pacifically bind to ,T4, for example 
Monoclonal antibody or HIV gp 120 prot.in or por*i n. 

An axaaplary purification schaae comprise.: (i, giv- 
ing calls in a serua-free selection growth media; (2) 
clarification of tha conditionad madia; and (3, separa- 
tion of .T4 of tha invntion from other proteins 
present in tha conditionad madia. 

In tha preferred mathod, the sT4 is purified from th. 
sarua-frea culture medium u.ing a ..ri., of chromatog- 
raphy .taps which are ba.ad on tha physical properties 
of tha sT4 molecule. The sT4 may also be purified froa 
cultura aadiua containing serua using siailar chr ma- 
tngraphy methods. 



In tha preferred method of purification of sT4, the 
30 culture aadiua is first passed through an ion exchange 

column, preferably an S-Sepharose« (Sulpho-propyl 
Sepharoae) column, which binds the sT4 while the major- 
ity of contaainating proteins flow through tha c luan. 
Tha protein saapla is than .luted using a linear salt 
35 gradient. a sac nd i n exchange c luan is used. "This 
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column, pr.frably a Q-S.paro..* (quart.mary aaino 
•thyl s.pharos.) column has prop.rti.s such that t*« 
contaminating prot.ins pr.s.nt in th. sample ar. bound 
to th. column vhil. th. sT4 do., not bind and is r.cov- 
5 .r.d in th. column flow-through buff.r. Finally a g.i 

filtration column is us.d which acts to r.mov. remain- 
ing contaminating mat. rials. 
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An alt.mativ. m.thod of purification of sT4 involv.s 
th. us. of monoclonal antibodi.s dir.ct.d against sT4 
Th. sT4 prot.in can b. purifi.d in on. st.p by passag. 
of clarif i.d cultur. a.dia through an affinity g.i 
support to which monoclonal antibody dir.ct.d against 
ST4 is bound. Th. «T4 will bind to th. column at th. 
antibody binding sit. whil. all contaminating prot.in. 
wash through th. column. Th. sT4 is th.n .lut.d from 
th. column und.r condition, that pr.v.nt sT4 prot.in 
from b.ing inactivat.d. 



Purth.r provided is a m.thod of producing any on. of 
th. abov. d..crib.d th.rap.utic ag.nts capabl. of spe- 
cifically forming a compl.x with human immunod.f ici.ncy 
virus .nv.lop. glycoprotein which compris.s growing th. 
host v.ctor lyito of th. invention und.r suitabl. 
COndl * ion * P*™ 4 ***** production of th. th.rap.utic 
aqwj* and r.cov.ring th. th.rap.utic agant so producd. 

Th* sT4 can b. us.d in diagnostic assays for th. d« tac- 
tion of T4 prot.ins or th. aol.cul.s with which th.y 
^ interact. For axampla, quantitation of T4 and T4* 

ells and antibodi.s to T4 would b. of diagnostic valu. 
for AIDS. 



35 



In additi n, sT4 can b. us d to g.n.rat. n.v diagn stic 
r .ag.nts, for .xampl., Mabs r oth.r typ.s of m l.cul.s 
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t r u.« in tha standard iaaunologic assays, i.. 
ELISA, captura iaaunoaaaaya , radioiaauna aaaaya * B a- 
causa aT4 display, tha OXT4 , tha OKT4A and aoat if not 
all of tha othar surface apitopa. of tha T4 racaptor 
sT4 is aspacially usaful in iaaunodiagnostic assays as 
it can ba u.ad for ab.oluta quantitation of T 4 levals 
*n a syst... curr.ntly th.r. ara no standards for 
quantitating tha T4 racaptor. 



Thai T4 racaptor r.aida. in thr.a div.rs. ch.aical anvi- 
rona.nts: tha oxidizing, hydrophilic call surfaca; tha 
hydrophoMc a.abrana; and tha raducing, hydrophiMc 
cytopla... Th... divars. anvirona.nt. would ao.t llxa- 
ly praclud. tha isolation of th. racaptor in it. fully 
nativ. .tata. sT4, vhich con . iats q£ en J 

callular doaain. 1. ..cr.tad .. a aolubl . pret . in ^ 
^ call supamatant and it, conformation appaars to 
»i»ic tha surfaca of tha racaptor .urfac. doaain. 
Thus, .T4 is suitabl. for d.tail.d structural analysis 
in particular for x-ray crystallography. Dat.rainati n 
of tha thra.-dia.nsional .tructur. of aT 4 alona or in a 
co.pl.xad for» with oth.r int.ractiv aol.crulas could 
provid. . ba.i. f 0r th. rational d..ig„ of ..i.ctiv. 
antagonists and agonist, for sT4 . 



Tha* varicua prophylaxis and immunization aathods for 
AIM providad by th. pra.ant invantion ar. ba.ad up n 
th. abllitla. of th. nov.l p.ptidas, antibodiaa, and 
DHA Bolacula. dlsclosad h.rain to form complaxas with 
or hybridlz. to, sp.cific aol.culas and to invok. an 
immunological raspons. affactiva for nautralizing tha 
AIDS vlma. Thas. aol.culas, aathods for thair prapa- 
ration, and aathods of AIDS traata.nt will b. b.tt.r 
und r.tood by r.f.r.nc. t th. f Uoving axp.riaant. 
38 and .xaapla. which ar. providad for purp « s f iiiua- 
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tration and art not t b« construed as in any way l 
iting zhm scope of the present invention, which 
defined by the claiae appended hereto. 
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Maf rial* »r> * Methods 
Cells and A ntibodiaa 

s F.riph.r.1 biood l.ukceyt.. i, 0l . t . d by rieo , 

*.n.ity Radiant c.ntr^o.tion v . r . f r, ction «.T « 
«~P «nh»qt. ro.att.-po.itiv. c . u , "^/^ 

T. ,ub..t. vitnin th. E* population isolatad b v 

po. itiv. ,. 1 . ction 6f T ,. bMrlng ^ v ^\^ 

antibody and hUMn arythrocyta. =on ju ,at.d wit, a« i2 
ty-purifi.d rabbit anti-.ou.. 1,0 ( i 0) cvtJi 

„ . , "* T4 S» TS , vh.raa. th. T»* 

Th. rro j. 2 T o.u lin. ,T3-, „*. X.*, xii*, Wi , <,.- 

IT JU - rlMtt T4 *- tii *< «« «on: 

» . W . T. . m * or-cu, l. a chronic ly»pho=ytic 
lmikaaia which ia T3*. T4* t«" -,.+ Jf " pnocylll = 

« =.11 Un.. cw ,„ d Mo it « war. obtain.d fro. th. 
»-.ric« Typ. cultur. CoUaction. xn laa)umla T J£ 
lin.. v.r. =ontinuou. ly ,rovn in rpmi 1mo BKli<a , „„. 

25 !L. d * riV,Kl " P»^««ly d.-cribad 
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Mfinity-purifiad rabbit a n ti-»„u.a Ig0 w „ conjuo . t . d 
to hu«„ arythrocyta, by th. chro.iu. chlorid. m.thod 
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Cotrar.sf onnation of L Cells and NIH 3T3 Cells 

Murine L tk'aprt" cells were maintained in Dulbecco's 
modified Eagle's medium (DMZ) supplemented with 10% 
5 calf s«rua (Gibco) and 50 micrograms/ml diaminopurine 
(DAP) . l cells were plated out at a density of 5 x 10 4 
cells p.r io cm dish, 1 day before transforation. 
Calcium phosphate precipitates were prepared by the 
method of Graham and van der Eb (25), as modified by 

10 Wigl«r et al. (26), using 100 ng of pTK and 20 micro- 
grams of high molecular weight T cell or L cell DMA 
per dish. The L cells were placed under selection in 
DMZ with 10% calf serum, is micrograme/ml hypoxanthins , 
1 micrograa/ml aainopterin and 5 micrograms/ml thy- 

15 midine (HAT medium (27)) on the following day. After 
12-14 days of HAT selection, tJc* transf ormants w.re 
screened using the resetting assay. 



20 



30 



Murine NIH 3T3 cells were maintained in DMZ supplement- 
ed with 10% newborn calf serum (Gibco). NIH 3T3 cells 
were plated out at a density of 5 x 10 4 cells per io cm 
dish, 2 days before transformation. A calciua phos- 
phate precipitate was applied to the cells using io 
microgram* of carrier DNA and either 10 micrograms of 
25 T4-pMV«tX/neo or 10 micrograms of T4-pVcos7 and 500 ng 
of p«V3neo. After 2 days, the cells were placed under 
••^•etion in DMZ with 10% calf serum and 500 micro- 
grams/ml G418 (Geneticin* ; Gibco). Rosetting assays 
were performed on surviving colonies one week after 
growth in selective medium. 



Rosetting Assay 



35 



After one rinse with phosphate-buffered saline (PBS) , 
the plates were incubated with 2.5 ml f the purified 
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nonoclonal antibody 0KT»4A m , 4 

roo» t„p. r ,tur.. Fr „ inti ™ '° r « .r 
Plat.. viti, tnr.. ,.„„. ^J^pm"^? «• 

«=n, dilute vio in PBs/s, f ' *, ' , SU * PM - 

«t.d „ d P8S w „ ;:; • r r^!! cytM .-«» *.««y « Pi . 



Sy»ofluorn».trl g i..i rl , 



«. dUution. of o^V* " tUb " «** .PPropri- 

Th. c. U -„ tlbod ' °^ u 4 ; 0CT * 8 « «"t«.l antibodi... 

« ... « -rv^ri n ^r. h fo %r — - 
* ♦ * (cpp.1, ,„„.„ t 3 e t h .i.in .„r!" aou " iga * 

1 hour .t «-c. Th. incub«t.d tor 

«id. r " u * p,nd « <1 1" 0-5 -1 ot pbs vita o.oi% 

9 ■ VAX 11/780 Computer (T>lai+Mi r. 

a«nt Co.) (Digital Equip- 
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RNA an d DNA Isolation 

Total RNA va. isolat.d froa c.lls by hoacg.n.ticn i„ 4 
M guanidiniua thiocyanata, followed by ultracn— i- 
5 fugation through a 5.7 M CsCl cushion (28). Poly(A)" 

s.l.ction was achi.vd by oligo(dT) -c.lluios. chroma- 
tography (Typ. 3, Collaborate. Raa.arch) (2 9) . 

»ol.cular wight g.noaic DNA wa. pr.pared as d.scrib.d 
by Wigl.r « t al . (26) # 
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cDKA and Canonic Libraries 

ZTllZ'T"*** CDNA WM ■* Bth " i «- ««■ Poly(A)* RNA 
d.riv.d froa p.riph.ral human T call. (20 ) . Aft.r 

tr.ato.nt: with EcoRI a.thylas. and T4 DNA polya.ra.., 

th. doubl.-strand.d cDNA wa. clonad into th. EcoRI sit. 

of *9«10 (30, using EcoRI linJc.rs. Th. Charon 4 human 

ganoaic library wa. g.n.rou.ly provid.d by Dr. Tom 

Maniatis (Harvard Univ.rsity) (3 i) . 

Svnth.als of a Su btract. d cdna Prab« 

32 P-la*«l.d cDNA was synth.si 2 .d froa poly (A)* rna 
d.riv.d fro« th. priaary transformant, LTD— 4 , as d.- 
•crib«d by Davi. .t al. (32). Aft.r ann.aling th. cDNA 
to an «xc... of untran.for*.d L c.ll poly (A) rna (Rot 
- 3000), •ingl.-.trand.d s.qu.nc.s, which w.r. .nrich.d 
fo* human cDNAs, w.r. isolat.d by hydroxyapatit. chro- 
matography (32). Prior to filt.r hybridization, th. 
subtracts cDNA prob. was conc.ntrat.d with s.c-butanol 
and d..alt«d on a G-50 S.phad.x column .quilibrat.d in 
TZ. 
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Screening, of cDWA and Ganonjc Librae — 

The peripheral human T call library was plated on E 
coli C600/HTL and the human genomic library was piatec* 
on E_j_ coli LE392. Scr.aning of duplicate fllt .„ was 
carried out according to th. standard procedure < 33) 
vxtb the hybridization performed in 50% forbid, and 



5x SSC at 42 C. in the ecr.en of the cONA library, 6 
1Q nitrocellulose filter. PUt . ra Croa ^ 



brary^ were hybridized to a nick-translated 

at 68 -c, with a 



in..** ^ ' nicK-tranalated (34) cDNA 

insert. The washes were performed — - 



— «m ^a ^ g cj \ 

" ssc - "-""tw — 

« -70 c in t*. pr...„„ o, i nt .„. lfyln9 ,„..„, tor 

2 aay s ♦ 



days 

DWA Sac rum cinq 



R.atnction fragment, of pT4B were subcloned into the 
w M13 vector, apl8 and »pl9 (35). Sequencing r.acti ns 

war. performed u.i»g the did.oxy chain termination 
technique (36). The sequencing strategy i, depict d 
in Figure 3B. 



Southern and Norths B lot Hy ^i dizationa 

High molecular weight cellular DMA. were digested with 
3 unit, of re.triction nuclease per microgram of DMA 
according to the manufacturer's recommendation (Boeh- 
ringer Mannheim). Sample. (10 aicrogram.) were sub- 
jected to electrophore.is on a 0.8% agarose gel. D NA 
fragment, were tran.f.rred to Gen.Screen (New England 
Nuclear; (37)) and hybridiz d a. de.cribed by Church 
and Gilbert (38). 
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RNA wa, m on a 0.8% aaarosa-f onnaldahyd. g.i {39) and 
transferred to GeneScr.en. Nort^rn hybridization wa 
PWf °~ d ac «r<U*o to th. procedures supplied by t * e 
manufacturer. Both Southern and Northern blot, wer. 
hybridized to nick-translated probes. 

Synthesis and In Vitro Tr a n,i,H , n Qf sp « PM » 

Tsl^^ CDNA SUbCl — d ^. EcoRl ,it. of 

PSP63 (Proaega Biot.c) and linearized with Hindlli 

^Llld POlyB-ra " in of radiolabeled 

nucleotide, v., pe rfo ra.d as d..crib.d (40) .xc.ot 
that Gpppc and unlab.l.d OTP v.r. add.4 to th. tr£ 

Hlrch r , ^ * * m SySt - fB.th.,da Re— 

IT T 1 BlCrOBolar S-^ncyl-thionin.. Th. 

in vitro translation product. w. r . subjected to SDS- 
polyacrylaaid. .l.ctro P hor..i, und.r r.ducing c ndi- 
tions a. described b.lbw. 
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Ca*l. wr. grown for 12 hour, in ».thionin.-fr.. DMZ 
^ containing io% dialy«.d calf s.rum and 1 aci of 
*-l SJ-a.thionin. (Aa.rshaa) as previously d.scrib.d 
(41). Th. ells v.r. solubili2.d in 10 mM Tris (pH 
7.4), 150 bm N.C1 (TBS) containing 0.5% Nonid.t P-40 
(Sh.ll) and 0.2 aM phenylaethyl.ulfonyl fluorid. ( sig- 
»•>. Th. ly.at.s war. centrifuge for 1 hour at 
100,000 x g, and th. supernatant, w.r. subj.ct.d t 
Lntil l.ctin chroaatography (Pharaacia) acc rding to 
th. procdur. f Had .tal. (42). Eluat.s w.r. pr- 
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absorbed once with a mixture of control aouse ascites 
and protein A-Sepharos (Pharmacia) for l hour at 4-c 
and twice with protain A-S«pharosa alona for l hour at 
4-C of each supernatant, 2.5 x 10 4 cpa were than 
mixed with 10 microliters aonoclonal antibody (approxi- 
mately 1 «ej /Bl) and protain A-Sepharo.a and incubated 
on a turntable overnight at 4-C. Tha beads war. than 
waahad four tiae. with cold TBS containing 0.5% nf-40 
and 0.2% SDS and w.ra r.auapand.d in electrophoresis 
saapla buffar. 



Gal El ectrophoya 



is 



SDS-polyacrylaaida gal alactrophor.ai. wa. performed 
15 according to tha procadura of Laemmli (43). Tha im- 

aunopracipitata. and in vitro tran.lation products 
vara dia.olvad in saapla buffar with or without 2-mer- 
captoathanol and than wara applied to 10% poly-acryl- 
amide gala. Autoradiography was perfonned on Kodak 
2Q XAR-5 film in tha praaanca of intanaifying scraans 

(DuFont Chaaical Coapany) . 

CeitraMforaation and Roaettinq Assay 

25 Mouas) («*) wara aaintainad in Dulbecco's 

modified Eagle's aediua (DUE) suppleaantad with 10% 
calf aer-urn (CS) (Gibco). *-2 calls wara plated out at 
a density of 5 x 10 5 calls par 10 cm dish, 2 days be- 
fore trans f oraation. Calciua phosphate precipitates 

30 w * r * P^P*"* b V th « Mthod of Graham and van der Eb 

(23), aa modifiad by Wigl.r et al. (27). Precipitates 
were applied to the cells using 10 mierograma of carri- 
er DNA and either 10 aicrograna of T4-pMV7 r 10 micro- 
gram, f T8-PMV7. After 2 day., tha calls wara placed 

35 under salaction in DME/10% CS and 500 micrograma/ml 
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Resetting assays to identify T4* or T8 + colonies were 
p«for»d on surviving colonies 1 weak after growth m 
selective medium. After one rinse with phosphate-buff 
ered saline (PBS) , the plates were incubated with 2.5 
ml of the purified monoclonal antibody OKT«4A or OKT*8 
(lag/ml; Ortho) diluted at 1/500 in PBS containing 5% 
fetal calf serum (FCS) for 45 minute, at room tempera- 
ture. Free antibody was removed from the plates with 
three gentle rinses in PBS . 6 ml of human erythrocytes 
conjugated with purified rabbit anti-mouse IgC antibody 
(2% v/v stock suspension, diluted 1/10 in PBS/5% FCS) 
were added and the plate, were left at room tempera- 
ture. After 45 minutes, free erythrocyte, were gently 
aspirated and PBS wa. added prior to inspection. T4* 
and T8* *-a clon.. war. purified by colony isolati n 
and characterized by flow cytometry and Northern blot 
analysis. 

Recombinant Retr ovlru. Production and Infection 

T4 + and T8 + *-2 clone, were isolated which produce 
recombinant retrovirus stock, with titer, of io 5 cfu/ 
• Viral stocks were prepared by adding 10 ml of 
fresh DMB/10% C3 to a near confluent monolayer of the 
T V °« Tt *-2 clones. After 24 hour., the medium wa. 
removed and filtered through a 0.4 5 micrometer filter 
(Mlllipore) . For infection, 5 x 10 s cell, were incu- 
bated with 2 ml of viral .upernatant (or a dilution) in 
the presence of 8 micrograas/ml polybrene (Aldrich) . 
Aftar 3 hours, 8 ml of fresh medium wa. added. 3 days 
infection the cell, were ro.eeded into DME/10% cs 
containing 500 microgram./ml G418, gr vn f r 2 week., 
»c red f r G418 r c lonie., and screened for surface T4 
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or T8 expression using the in situ resetting procedure 
or flow cytometry. 

*-2 culture supernatanta were used to infect aouae „-ak 
cells as described above. T4* or T8* adherent trans- 
foraants were purified by the in situ resetting assay 
followed by colony isolation; T4 + or T8+ non-adherent 
transforaants were purified by f luore.cence-activated 
cell sorting (FACS) . Non-adherent huaan lymphoid cell 
line. (HSB2, RPHI-T cell,; Raji - B c . lla) and adherent 
epithelial cells (HeLa) were infected by co-cultivati n 
with T4 or T8 *-AM clone, (pr.treated with 10 micro- 
graa./al aitoaycin-C for 2 hours; sigas) and were puri- 

fiftd e 

Cell lines were selected for G418 resistance at a con- 
centration of 1.5 ag/«l. axcep* for HeLa cell, which 
require 1 ag/al, and fibroblast, which require 0.5 
ng/al. All cell cultures producing recoabinant aapho- 
2Q trophic viru... (4-AM) were maintained under P3 con- 

tainaent condition.. 

AIDS Vlrua 

25 Ths prototype LAV strain of HTLV-IH/lav was obtained 

trom J.-c. Chsrasn (In.titut Pa.tuer, Pari.; (45)). 
Virus inocula used in these studies were froa the sec- 
ond to fifth passages of virus in our laboratory. 
Inocula are culture supernatanta from HTLV-III/LAV- 

^ infected, phytoheaagglutinin (PHA) -stiaulated peripher- 

al lyaphocytea which were harvested by sequential cen- 
trifugation (300 x g for 7 ainuta. followed by 1500 x g 
tor 20 ainute.), and were st red in liquid nitrogen. 
For binding .tudie., virus was concentrated from cul- 

35 tur * »up«matant*, harvested as above, by ultracentri- 
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fugation at 90,000 x g for 90 ainutas ovar a 15% cush- 
ion of Ranograffin (E .r. Squibb) in 0.01 M Tria, C "s w 
NaCl, 1 mM EDTA, pH 8.0. ' 

Antl-HTL V-lli/LAV Raaoants 

Sarua with high 1 avals of antibody to HTLV-iii /IAV was 
obtainad from a hoaosaxual aan with chronic lyaphadano- 
pathy, and its spacificity by iaaunof luoraacanc. (46) 
wastarn blot analyai. (47), and radioiaaunopr.eipil 
tat ion (48) ha. baan da.cribad. Portions of tha ig G 
fraction war. couplad with fluora.c.in isothiocyanat. 
(FITC; FITC.-prot.in ratio of 10 .7 aicrograa./al ) 
hor.aradi.h paroxida.a (HPO; typa vi; sigaa) and ag.l 
ro.a a. da.crlb.d (47, 49, 50, 51). Conjugata. of Igc 
froa a noniaauna aarua wara praparad in parall.l. 

Ravrsa Tranacriptaaa Aaaav 

Magna. iua-dapandant, particulate ravaraa tranacriptaaa 
(RT) activity wa. .aa.urad with a t . aplat . prim . r Qf 
(A) n (dT)12-18 (or (dA) n (dT) 12 . 18 a. tha nagativa con- 
trol) in tha pra.ence ox 7.5 mM Mg 2+ (52). 

25 I»»unofluora«canca Dat.actlon of c ytoplasm AIDa virug 

Cnlturad call, (i x 10 5 in 0.1 ail) wara cantrifug.d 
onto glasa .lidaa (Shandon Cytocantrif uga) , fixad in 
95% athanol and 5% acatic acid at -20*C for 30 minutaa, 

3Q and rahydratad with thraa 10 ainuta changa. of PBS 

(0.01 M po 4 , 0.15 M NaCl, pH 8.0). Slida. wara axposad 
to a 1/500 dilution of FITC-anti-HTLV-m/iAV (19 ai- 
crograa«/al) for 30 ainuta. at rooa tamparatura. Tha 
slida. war* than washad (thraa changa., 10 ainuta. 

35 • ach > and » untad undar a c varslip with 50% glycar 1 
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in PBS. Tha slid*. vara axaainad with an •pi-iiiuai- 
natad Lait2 Orthoplan aicroscopa at 630 x povar. Undar 
thesa conditions, tha FITC-anti-HTLV-Ili/LAv raagant is 
spacific for HTLV-III/LAV. Uninfactad PHA-stiaulatad 
calls, Epatain Barr (EB) virus-inf actad B call linaa 
an adanovirua-infactad call Una, savaral T call linaa' 
and HTLV-I and HTLV-u infactad call linaa wara not 
stainad. 



10 AIDS Virus Immunoassay (Antl qan Cantun 



This is a sandwich iaaunoassay that has baan dascribad 
m datail (47). Briafly, cultura supamatant is addad 
to aicrotitar plata walla coatad with anti-HTLV-m/iAV 
IgG. Aftar tha platas ara was had, bound virus antigan 
is datactad with HPO- ant i -HTLV-I I i/LAV. This assay, 
which is at laast as sansitiva as tha rt assay, is 
nagativa with cultura supamatants from PHA-stiaulatad 
lyaphocytas froa nuaarous donors, EB virus- infactad B 
call linaa, savaral T call Unas, polyclonal and clonad 
IL-2 dapandant T call Unas, tha ayaloid Una K562, as 
wall as call Unas that harbor HTLV-I or HTLV-U. Tha 
cutoff OD 490 for discriainating a positiva froa a naga- 
tiva supamatant was datarainad in aach run froa tha 
25 asan plus 2 SO of at laast 10 raplicativa dataraina- 

tions on control (uninfactad call cultura) suparnatants 
harvastad at tha saaa tiaa. 
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AIDS Vi rus Infactlvitv (ID-50) Assay 

Tha aicrocultura assay for tha titration of infactious 
HTLV-III/lav has baan dascribad in datail (47). Briaf- 
ly, PHA-stiaulatad lyaphocytas or call Unas (2 x 10 6 
calls/al) ara in culatad with sarial 10-fold dilutions 
f virus inoculua and incubatad for 18 hours at 37 «c. 
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Th. calls were than washed and placed in aicroculture 
(10 to 20 cultures per dilution: l x lo 5 cells * per 
culture in 0.23 ml medium). Every 4 days, 100 microli- 
ters of supernatant was removed and replaced with *-esh 
5 medium. Sup.matants were then assayed for viral Inti- 

9.n by the antigen capture assay a. described above 

pc^L. , tion at vhich so% ° f 

positive for virus (47). 



10 



VSV Paet idotvp a A»»« y 



V^aicular stomatitis virus (VSV, Indiana strain, wild 
type wa. propagatad in call, producing th. retrovirus 
15 required for th. envelop, ps.udotyp. a. described (53 ). 

Hyperimmune neutralizing ,n..p anti-vsv ..rum va , add . d 

virion ^ inacti -^ non.p..udotyp. 

^5 P"»**ypei tit.r. rang.d b.tv.en io* and 

20 «d with VSV p..udotyp.s w.r. platad in 30 ma diam.t.r 

tissue cultur. wells. HeLa, nih 3T3, and L ells w.r. 
naturally adh.r.nt; all oth.r c.ll. type. w.r. attached 
by pr.tr.ataent of the substratum with 30 microgram./mi 
poly-L-ly. lM . Af f r virus adsorption for i hour, th. 

25 cell, were washed and 10 6 ain* CCL64 or bovin. MDBK 

C4rtl. were added to each wall. Th... c.ll. provid. 
«celle»t plaque, for secondary VSV infection but are 
reeietant to infection by pa.udotyp. virion.. Aft.r 
allowing the plaque indicator calls to settle and 

30 spread (approximately 90 minutes), the monolayers w.r. 

ov.rl.id with agar m.dium. VSV plaqu.s w.r. counted 2 
day. after infection. Anti-T4A monoclonal antibody 
d:20), anti-HTLV-lii s.rum (i:i 0 ), or anti-HTLV-I 
seru. (i:io) were used to inhibit pa.udotype plaque 

35 f rmati n by pretreatment of cell. 30 minute, bef re 
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addition of pseudotypes as described by (54). 
Syncytium Induction Assay 

g 2 x 10 5 calls vara co-cultivated with 2 x 10 4 H9 calls 

infected by and producing HTLV-UI (5 5) in 10 mm diaae- 
tar walls. Tha culturas ware incubated at 37 - C and 
examinad for syncytia formation aftar 18 hours as pre- 
viously described (54, 56). Calls war. five or more 
syncytia ware scored as positiva. Syncytium inhibition 
was assayed by adding anti-T4A monoclonal antibody 
(1:20) to tha mixad cultures at the tima of seeding. 

Cytofluorometric Anal ysis and ATDS Virus Binrfi^ 
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15 



Tha mathod has baan described in detail (46). Briefly 
call surface T4 or T8 expression was d.tected by direct 
immunofluorescence with fluorascain-conjugatad anti-T4A 
or anti-T8 monoclonal antibodies (OKT«4A, OKT«8) . The 
^ diluent/wash buffar was 0.01 M P0 4 , 0.15 M Naci, p H 

7.4, containing 0.1% bovine serum albumin, 2% v/v ab + 
human serum, and 0.01% NaH 3 . All reagents ware pre- 
titarad for optimal (saturating) binding. Calls (5 x 
10 ) vara incubated in a 25 microliter dilution of 
monoclonal antibody for 30 minutes at 4'C. The cells 
voro washed by cantrifugation (300 x g for 7 minutes), 
rasnispandad in 0.3 ml of 1% paraf ormaldahyde in saline, 
and analyzed with a fluorescence-activated cell sprter 
(FACS IV, Bacton Dickinson) . For HTLV-IIl/LAV binding, 
3 x 10 calls ware incubated with HTLV-IIl/LAV (500 ng 
in 10 microliters) for 30 minutes at 37 *C. Washed 
cells wara rasuspended in 25 microliters of fluoresce- 
in-conjugatad anti-HTLV-Ill/LAV for 30 minutes at 4*c. 
Tha calls wara washed, resuspendad in 1% paraf ormal- 
dahyda, and analyzed by'FACS as ab va. For inhibition 
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of HTLV-IU/LAV binding, cells were pr.i-.cubatad with 
anti-T4A or anti-T8 (20 ng in 20 microliters) -or To 
minutes at 4'C followed by addition of HTLV-m/uw 
(500 ng in 10 aicroliters) for 30 minutes at 37 «c. The 
calls were washed incubated with f luorescein-conjugated 
•nti-HTLV-xix/LAV, washed, resuspended in paraform- 
aldehyde, and analyzed by FACS as above. 




T4 NIH 3T3 transf oraants were surface radioiodinated 
by^the lactoperoxidase technique (18) as follows: 4 x 
10 cells ware suspended in 1 al of PBS containing 0.5 
15 aM EDTA, 2 mCi Na 125 l, and 20 micrograms lactoperoxi- 

dass. At times 0, l, 3, 10, and is minutes, 10 micro- 
litsrs of 0.03% H 2 0 2 wr. addsd. Ths r.action was 
carried out at 23°c and was stopped at 20 minutes by 2 
centrifugationa in 50 volumes of cold PBS containing 10 
20 mM Nal. Labeled calls wara split into 4 tubas and 

incubatad, as indicated, with HTLV-iii/lav (2 micr - 
grams in 20 microlitars) for 30 ainutas at 37 «c. Sub- 
saquant washaa and manipulations wara parforaad at o- 
to 4-c. Washed calls wara lysad by adding 1 ml of 
dataxgant lysing buffar (LB; 0.0a M Tris, 0.12 M NaCI, 
pa 8.0, containing 0.2 aM phenyl a thlsulfonyl fluoride, 5 
alcrograma/ml aprotinin, 0.2 aM EGTA, 0.2 aM NaF, 0.2% 
sodium deoxycholate, and 0.5% (v/v) Nonidat P-40) . 
Tubas wara held on ica for 15 ainutes, and nuclei were 
removed by centifugation at 3000 x g for 20 minutes. 



For absorptions, Sepharose conjugates of human anti- 
HTLV-III/LAV Igc, human nonimmune Igc, anti-T4A, and 
anti-T8 antibodies wara prepared as described (48). 
35 Lysata wara praabs rbad with 200 micr liters of Sepha- 
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roae-nonimmune human IgG for 1.5 hours with rotation, 
and then inmunoprecipitated with 20 microliters of 
Sepharose conjugates (as indicated) for 3 hours with 
rotation. Sepharose absorbants were washed 3 times: 
once with LB; once with LB containing 0.5 M NaCl ; and 
once with LB containing 0.1% sodium dodecyl sulfate 
(SDS) . Absorbed material was eluted at 65 'C for 3 0 
minutes with 20 microliters of sample buffer (0.01 M 
Tris, pH 8.0, containing 2% SDS, 5% 2-mercapto-ethanol 
(v/v) , 2 5 micrograms bromphenol blue, and 10% glycerol 
(v/v) . Electrophoresis was performed in a 3.3-20% 
gradient polyacryl amide gel with a 3% stacking gel 

(57) , and autoradiographs were developed with Kodak 
XAR-5 film. 

Virus Inhibition Assay 

2 x 10 5 T4 + JM T cells were exposed to AIDS virus at 0 
minutes. The inhibitors ammonium chloride (20 mM) or 
amantadine (20 mM) were added at various times during 
the course of virus infection (0 minutes, 30 minutes, 
and 60 minutes). After 6 hours, cells were washed and 
replated in fresh medium (RFMI/10%rcs) . The effect of 
theme agents on AIDS virus infection was determined 5 
days post infection. The fraction of infected cells in 
thm culture* expressing viral antigens was determined 
by immunofluorescence microscopy as described above 

(58) . 



RNA Iso lation and Northern Blot Hybridizations 

Total RNA was isolated from cells by homogenation in 4M 
guanidinium thiocyanata, followed by ultracentrifu- 
gati n through a 5.7 m Cscl cushion (28). Poly(A)* 
aal cti n was achieved by lig (dT)-callul sa chroma- 
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tography (Type 3. Collaborative Research) (29). 

RNA was electrophoresed through a 1% agarosa-f oraald- 
hyde gel (39) and transferred onto Hybond (Aaershaa) . 
Northern blot hybridization was performed according to 
tha procedures suppliad by tha manufacturer. Probas 
vara nick-translatad to a apacific activity of b.5-i x 
10 cpa/aicrograa with o 32 P-latoeled deoxynucleotide 
triphosphates (59) . 
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RZSULTS 

Isolation of a T4 cDNA 

The strategy us.d to isolats a T4 cDNA initially in- 
volved constructing L cell transf oraants that axpr.ss 
T4 on their surface. cDNA synthesized froa the miWA of 
a T.4 transformed fibroblast was enriched by substrac- 
tive hybridization and used as a probe to isolata a 
cDNA encoding T4 froa a cONA library aade froa the mRNA 
of peripheral T lyaphocytes. The identity of T4 + cDNA 
clones was determined by Northern and Southern blot 
analyses, and ultimately by the ability of these clones 
to transfer the T4* phenotype to recipient cells. 
Similar techniques have previously been employed t 
isolate the gene encoding the T8 protein (20) . 

Mouse L cells deficient in thymidine kinase (tic) wer. 
cotransforaed with genomic DMA froa the T cell leuke- 
mic cell line HUT-102 along with the tJc-containing 
plasmid, pTK (25, 26). tic* L cell transf oraants ex- 
pressing T cell surface proteins were identified by an 
in situ rosetting assay. tx + colonies were exposed to 
mouse monoclonal antibodies directed against T4 and 
wexe then incubated with red blood cells coupled with 
rabbit anti-mouse immunoglobulin. T4* trans formants 
ex* visibly red by virtue of their specific associa- 
tion with red blood cells. in this manner, one primary 
T4 transf oraant, LTD- 4 , was obtained. The expression 
of the T4 molecule by this clone was independently 
verified by cytof luorometric analysis (Figure 1). 

The mRNA population of the T4* transf oraant, LTD- 4 , 
ah uld differ fr m that of an untransf rmed L cell only 
in the expression of newly transformed genes. These 
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s.qu.nces were enriched for by annealing highly re- 
active cdna prepared from poly (A) * RNA of the ~ 4 - 
transfor^nt with a vast excess of RNA from an unt-ans- 
for»ed L cell (3a , 60) . c0NA incapail , Qf hybe [ 
5 « high Rot values, was isolated by hydroxy- 

apatite chromatography and used to screen a hJar 

iiiz 7 cmi1 cdna iibrary in ,h. 1 j:. 

cloning vector gtio. Pour w.aXly hybridizing pl . Js 
were identified, plague-purified and analyzed for^I 
10 presence of T4 sequences. 

To determine whether any of th-«. „i~ 

VI or tnese clones encoded ta 

RHA fro- T4 and T4 p„ip„.r.l T 

,s x°r;r i ; ,n - -^i- 

Vh _„ m J ^ * Tni » clone detects a 3 

» »» Pr.a.nt i„ th. „♦ t „ MforMnt , J 

•1" Pr...nt in . population of ,«* p.rip„.r.l lynpho . 

=Vf. NO hybridization w„ ob..rv.d with r„ a Co. 

<=«11», or human neuroblastoma cells. 

J5 Th. p.tt.rn of expression of rna detected by this clone 
i. con.i.fnt with th. possibility that it encodes T4. 
° Wtr ' CDHA ia ««ly 0.6 kb in length but hybrid- 

i". to.Jto mRNA. Therefore, the human peripheral T 
CDNA lib »*Y was re.cre.ned and on. clon. (pT 4B) 
n v.. obtains which contain.d • 3 inMrtf clOM in 
*izm to that of th. matur. m....ng.r RNA. R.striction 
aap. of this clon. are shown in Figures 3A and 3B. 
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Genoaic Blo t Analysis 

Southern blot expariaenta (37, war. n . xt p . rforaed t= 
demonstrate that the isolated cONA clone hybridized 
5 with DNA from the T4 + transforaant as well as huaan 

DMA, but not with untransforaad aousa L cell DNA (Fig- 
ure 4). cenoaic DNA froa a variety of huaan cells 
reveals a sat of fiva hybridizing fragaant. aft.r 
claavaga with tha enzyaa BaaHI. A. axpact.d, T4 se- 
quences can ba dat.ct.d in tha transforaant LTD- 4 , but 
not xn untransforaed L call DNA. Tha BaaHI fragaant 
closest to tha 3' and of tha g.„. (6 . 6 ^ i9 not 
prssant in LTD- 4 , presumably a. a consaqu.nca of the 
migration av.nt. Moreover, no gross r.arrangaaants 
are apparent at this coarsa lav.l of analysis whan 
comparing DNA froa lymphoid and nonlyaphoid calls. Tha 
sua of tha aolacular waight. of tha hyoridizing frag- 
ments is 33 kb, suggesting that tha T4 gana i. quite 
large. A coaplata sat of ganoaic clonas spanning this 
ration was obtained {see balow) and tha BaaHI fragaants 
wars ordered by restriction analysis of these cl nes 
(Figure 3A> , conf iraing that the gene is large and must 
contain introns of significant lengths. 



expression of the T4 cDNA in Tr , M f 0 n»d m ous « rlbrQ . 



Further evidence that the isolated cDNA encodes T4 
would be provided if this clone could convert fibro- 
w blasts to the T4 + phenotype after transf oraation. The 

T4 gene in chroaosoaal DNA is large and spans several 
genoaic clones. Therefore, the cDNA clone was intro- 
duced into two retroviral expression vectors, P Vcos7 
and pMV6kt/ne , which contain the M loney aurine leuXe- 
a±a virus long terminal repeats (LTRs) flanxing a sin- 
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gl« EcoRI cloning sit. (Figura 3C) . The 5'-lt* p- 0 
aotas transcription through tha cloning sita and the 
3'-LTR contains sequencas nacassary for claavaga and 
polyadanylation. Tha vactor P MV6tk/neo also contains 
tha tk promot.r fusad to tha coding ragion of tha n.o- 
mycin phosphotransf.rasa g.na. Tha construct aaploying 
pvco.7 r.guir.a transformation with an unlinkad sel.c- 
tabl. marker, whar.a. P MV6tk/nao carria. tha n.omycin 
r.si.tanc. aarkar, which permits linkad cotran. format- 
ion. Neo colonia. of MIH 3T3 call, obtainad aftar 
transformation w.ra aal.ctad by thair ability to grow 
in madia containing tha n.omycin analogs. G418, and 
vara scraan.d using th. ro.atting procadur. to dat.ct 
th. axpra.aion of T4 on tha call surfaca. Approxiaata- 
17 30% of tha G418 colonia. obtainad with P Vco.7 and 
75% of th. coloni.. obtainad with P MV6t*/nao war. posi- 
tive for T4 in this as.ay. Ro.ett.-po.itiv. colonia. 
war. furth.r analyzed by cytof luoromatry to confirm 
that T4 is axpraasad on th. transformed call surfaca 
(Figure 1) . 

M.tabolic prot.in lab.ling experia.nta war. p.rform.d 
which demonstrate that tha T4* transformed fibroblast 
and th. T lymphocyte .xpr... a T4 protain of identical 
aolecular w.ight. Untransformed NIH 3T3 calls, T4* 
tranaforaanta and T lymphocyte, were labeled for 12 
houra in the presence of L-[ 3 5 S] -methionine (41). The 
call, were detergent solubilized and the lysata was 
passed ov.r lentil lectin column, to enrich for 
glycoproteins (42). The bound glycoprotein fraction 
wa. eluted and imaunoprecipitated with monoclonal anti- 
bedie. directed against T4 (Figure 5). Under reducing 
conditions, a glycoprotein aigrating at a relative 
a lecular aas. f 53 kd is detected in extract froa T 
lyaphocytes and tw independent T4* transforaant . 
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This protein is not detected in control 3T3 fibro- 
blasts. Under nonreducing conditions, a 51 kd glyco- 
protain is iamunoprecipitated with anti-T4 in T calls 
and in tha transformed fibroblasts. 

Thaaa experiments demonstrate that tha transf onaants 
•xprass a 55 kd glycoprotein iamunoprecipitated with 
anti-T4 which is idantical in size to that expressed on 
tha surfaca of T lymphocytes. T hua, Northern and 
Southam analysas using tha isolatad cDNA, taken to- 
gether with tha ability of this cDNA to conf.r the T4 + 
phanotypa to aousa fibroblasts, indicate that tha en- 
tire coding saquance of the T cell surface protein T4 
had bean cloned. 




The complete nucleotide sequence of tha T4 coding re- 
gion waa determined by sequencing both strands of the 3 
cDNA inaart uaing the dideoxy termination method 
(35, 36). Tha complete nucleotide sequence and the 
predicted protein sequence are shown in Figure 6. The 
longast opan reading frame begins at position 76 with a 
mathionina codon surrounded by the initiation consen- 
su aaquence PurNNATGPur (61). Thia reading frame 
•*t«ttd« 1374 nucleotides, encoding a polypeptide con- 
taining 458 amino acida. The contiguity of this read- 
ing frame was confirmed by inaerting thia cDNA into tha 
3Q RHA expression vector pSP« (40). rna synthesized from 

thia vactor, when translated in vitro , directs the 
synthesis of an unmodified 51 kd protein, the precise 
molecular weight predicted from the nucleotide sequence 
(Figure 7) . 
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Aside from homologies at the level of individual ammo 
acids, tha VI domain of T4 sharas structural features 
with immunoglobulin variable regions. Immunoglobulin 
variable and constant domains fold in a characteristic 
5 pattern in which a saries of antiparallal s-strands 

fold to form two ^-sheets (67, 68). Thasa S-sheets 
ara held together both by a disulphida bridga and by 
characteristic hydrophobic intaractiona. To determine 
how tha pradictad sacondary structura of tha v-like 

1Q domain of T4 compares with tha structura of tha V do- 

mains of light chain immunoglobulins, two-dimansional 
structural alignments wara parformad. Also, a plot of 
probabla ^-strands and 0- turns in thasa sequences 
using tha empirically darivad algorithm of chou and 

lg Fasman (69) was obtained . These analyses suggest the 

presence of seven i-strands within the v-lifca domain 
of T4 which closely match those found in the immuno- 
globulin V domain (Figure 9k) . The two conserved cys- 
teines of T4 are found within £-strands B and F, 

2Q matching exactly the positions of the cysteines in tha 

V region known to form the conserved disulphide bond in 
immunoglobulin. A tryptophan residue lies 12 amino 
acids downstream of the first cysteine and a tyrosine 
residue is situated two amino acids before the second 

25 cystsins. These residues are highly characteristic 

of 4- strands c and F, respectively in light chain v 
rsgions. In addition, an aspartate residue is found 
six amino acids before the second cysteine, and an 
arginine residue lies at the base of 0-strand D. These 
charged residues ara highly characteristic of V domains 
(67). Finally, patches of alternating hydrophobic 
residues ars present throughout the ^-strands, which 
strengthen the interaction of the two ^-sheets. 
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Th* Vl domain of T4 i, follov.d by , « r «=h . 

acid r.aidua. b .« ino , ignifi5ant LLZ \ 0 \l " in ° 

in* W ration. of iamuno.jiobuiin, ,nd ^ e.u 

r.c. P to„. In Figur . „. ^ u£ „,:;*•" 

5 aUonad wlth con ,. nsui ..qu.nc., of 

•d into thr.. additional w-u*. domain, vi^ «J 
,0 «-"y .igniricant ,.,u. nc . and t,' ; " 

prototyp. i^unoaiobuUn V, r^ion^!,^.. ! " 
Additionally thi. ("gar.. « an d 8). 

link.* , "quane. contain, tvo pot.nti.l N- 

"w-d «yeo.yi, t io„ ,i t .. (^.n.^.^, r^." 1 " 

, 5 Th. axtraoallul.r domain i, followad h„ . 

chapa4V , aM a P*nnmg s«gn« n t, a highly 

, a plaamic domain (riouraa 6 and 8) . 
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HZ in . ^ Sn * ly ' ln9 lta »Wtl«n Pat- 
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"Y in jitu hybridization to human m.t. D h«. T 
/,„.. „ ^ ««awn m«capnas« chromosomes 

U01J . canomic biot axp.rim.nt, and in , itu hybridiza- 
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of human chromosome 12, between regions I2pl2 and 
12pter. 

A set of overlapping genomic clones spanning the T4 
gana was obtained by screening human genomic libraries 
constructed in the lambda cloning vectors Charon 4 and 
EMLB-3 (31) with a radiolabeled pT4B cONA insert (70). 
Characterisation of these clones by both restriction 
and Southern blot analyses indicated that they con- 
tained tha entire T4 coding sequence. Tha complete 
intron-exon organization of tha T4 gana was than deter- 
mined by sequencing specific fragments of the genomic 
clones using the dideoxy termination procedure (35 
36) . 

The T4 gene is comprised of 9 exons split by 8 introns 
as shown in Figures 8 and 10. The first exon contains 
the 5 '-untranslated region and the leader segment. The 
first variable-like domain, is split by a large 

intron located at nucleotide position 289 (Figure 6). 
Therefore, the domain is encoded by the second and 

third exons and the V 2 J 2 , v 3 J 3 , v 4 J 4 , and transmembrane 
(TM> domains are each encoded by separate exons (exons 
4-7) . Ths "cytoplasmic domain (CYT) is split by an 
intron and the last portion of the cytoplasmic domain 
and the 3 '-untranslated region are encoded by the ninth 
•aeon. 

The Con struction of T4 * and T8 * Transformed Cells 

The experimental approach used to study the role of T4 
in AIDS virus infection initially involved the intro- 
duction of the T4 gene into T4~ cell lines incapable of 
supporting viral infection. Ths transform d cells were 
then tested f r susceptibility t AIDS virus, followed 
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A full l.n,th CDHA clo „. , neo<Jlng th> ju 

P«V7- Th. .xpp.„io„ v.CMr. p«V7 11A) 

"m. tvo d ir .ctly r . p „ t . d MolQn ^JJ^Ji:- 

-ir.^ r~ ™ a ~ 

w«« kwa. In addition, pHV7 contains th- 

TJZTZ\ thy T iM klB "- proBot « (t *> £ 

"din, r„io„ of th. b.ct.rl.l n.o»yci„ phc.photran.! 
»it tln , urn,.* cotr.n,f, ra .tio„ and inf . ction "" r ' P "- 

»,"Tu7l intr0dUe * d ln " *"» — *-« =.11.. XIH 
chL , «".i"in9 d.f.ctiv. .cotropic and 

photropie proviru..., r..p.ctlv.iy mgur . " 

CSr^i 1 mx but eM provld - 411 *"«•«• « ™ 

f ^" iOM - tr.n,f.«io„ of th... coll 

M-«t r.trovir.1 «o=ic. .ncodin, T 4 which ,r. f r .. of 

^^f 1 *; ThM * vlri1 neck ' " n «*•» >• °»* 

*f W " U ' l»«oduc. ,« ,.,„.„«, into both *ou.. 
«d hu».„ c.ll, without th. production of r.troviru. by 
tha targat call. 7 

Z^J. T "" PMV7 ° HA into,-, c.ll. 

u.in, th. procdur. of DNA—diafd ,.„. tr.„.f.r (Flo- 
ur. Ill) (35 , po . ttlv . coloni „ v . r , ^ 
•* by th.tr ability to or w i„ „«. e o n t,i„i„, th . 
».o»yein analo, C41. (G.n.ticin ) ami .cr..n«l for th. 
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expression of T4 on the call surface using an in situ 
rosetting assay (20, 70). Colonics of transfacted *-2 
calls expressing T4 were then identified which produce 
recombinant retrovirus in titers of 10 5 cfu/ml. 
5 T4 + 0-2 clones were then used to generate retroviruses 

capable of infecting mouse *-AM cells. T4 express- 
ing *-AM clones were isolated which yield recombinant 
retroviral titers of 10 4 cfu/ml. T4* human transf or- 
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mants were generated by co-cultivation of cells with 
mitomycin-C treated or *-AM clones (Figure 11B) . T4^ 
transf ormants were subsequently analyzed by Northern 
blot analysis and flow cytometry to confirm that T4 is 
expressed and is present on the cell surface. Contr 1 
cell lines expressing the surface protein T8 were c n- 
structed in an analogous manner. 

T4 is Essential for AIDS Virus Infection 

To initially determine whether the presence of the T4 
protein on the surface of a human lymphocyte is suffi- 
cient to render the call susceptible to AIDS virus 
infection, transf ormants of the primitive T cell leuke- 
mic line, HSB2 (71), which expresses only the early T 
lymphocyte proteins Tl and Til on its surface, were 
constructed. HSB2 expresses neither T4 nor T8, n r 
dees it express the T cell antigen receptor or th 
associated complex of T3 proteins. Transf ormants of 
HSB2 which express either the T4 or T8 proteins on the 
cell surface were selected and used to determine the 
susceptibility of these cell lines to AIDS virus infec- 
tion. Several different experimental approaches were 
employed to assess AIDS virus infection, including 
expression of reverse transcriptase (52) , expression of 
virus in the cytoplasm f the cell by immunofluores- 
cence microscopy (46), detect! n of viral antigens in 
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cultur. »up«mata n t using an iaaunoassay 

wll as production of inrsctious virions b " 

subcultur. with BhV r«K , virions by sup.mat. 

not ob««rv«d (Tabls I) . 11 Uft « was 
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in addition, it has b.an pr.viously d.aonstrat.d t*. t 
ext.nsiv. c.U fuaion occu „ ^ uniflfected ^ 

cells b.armg racaptors for AIDS virus ara co-cultivat- 
ed with calls producing AIDS virus < 54 , . Xa t , is aa 
say, th. r . ia no induc , ion or syncytia wnanHs^ca; 
ara Bi x.d with AIDS virus-producing «9 call, (Ta^ll 

although abundant syncytia ara term** Ai. 
HTLV-TT , «=Jrcia ara formed with HTLV-I and 

11 calls (data not shown) . 

Finally, viral entry, was test.d 

lop. g ly =oprot.i n . ot th. UDS J * ~™ 

M). =.«. in f .ct.d vtth Alos vl „"«. , 

- " " ""-P"""""^ P.rticl... Du rin , 

c«or ell. r..i.t.„t to vsv (aids, p,.udotyp. i„,. c . 
t*« f option of vsv pLou., whleh „, 

xh«. ; i»,.«io„ v ith vsv ,„„, p,. udotyp .. provld „ ; 

q-«tlti. tl v. cyt=p« hic pl.,u y f „ , im 

(«)• In thi. ..,.y, no pi,,,,.. ov „ b , ckgroun(1 

ob..rv.<, wh . n hsb3 =.n. «„. ..po.., t „ * vsv (A1 ; s r ; 

lop. (VSV (HTLV-I, ,, nua . ru , pliqu „ vm obMrv . 
d-on.tr.tin, tn.t th. HSB2 c.ll, which b..r. HTLV-I 
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receptors, is capable of replicating vsv efficiently. 
These observations demonstrate that the vsv genoae 
encapsidatad in an AIDS virus envelope is incapable of 
entaring HSB2 calls. 

Whether tha introduction of a functional T4 cDNA into 
HSB2 would randar this call susceptible to AIDS virus 
infection vaa next studiad (Table I) . Exposure of 
HSB2-T4* transforaants to AIDS virus rasults in a pro- 
ductive viral infaction as determined by expression of 
reverse transcriptase activity (52), expression of 
virus in the cytoplasm of the cell by immunofluores- 
cence microscopy (46), detection of viral antigen in 
the culture supernatant using an immunoassay (47) , as 
well as the production of infectious virus by supemate 
subculture with PHA-stimulated lymphocytes (Table I) 
(46). Control HSB2-TS* cells were consistently n ga- 
tive in each of the assays. 

In addition, the efficiency with which different T4* T 
cells are infected with AIDS virus was also examined. 
HSB2-T4* and HSB2-T8* trans formants , the naturally- 
isolated T4 + T cell line CEM, as well as PHA-stimulated 
peripheral lymphocytes were exposed to serial 10- fold 
dilutions of AIDS virus, washed, and plated in micro- 
culture. The frequency of infected cultures was then 
determined using an immunoassay 12 days after exposure 
to virus (Figure 12) (47). In this manner, the titer of 
AIDS virus required to infect 50% of the exposed cul- 
tures (ID-50) was defined. The ID-50 of PHA-stimulatad 
peripheral lymphocytes is 2-3 orders of magnitude 
greater than that observed for either naturally-isolat- 
ed or transformed T4 cell lines. The efficiency of 
infection of HSB2-T4* cells is ab ut 10 f Id higher 
than that bserved for the naturally- is lat d T4* T 
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c.ll lim CZM (Figur. 12). Control HSB2-T8* c , Us 
not susc.ptibl. to infection .v.n at th. highest vi.^s 
titers examined. 



5 Th. ability of HSB2-T4 c .ll, to support both syncytia 
formation and th. replication of vsv (AIDS) ps.udotype, 
va, also studied. Whan HSB2-T4* c.ll, ar. co-cultivat- 
ed with AIDS viru. producing H9 c.ll., syncytia forma- 
tion is r.adily ob..rv.d within 18 hour, (Tabl., I and 
10 ID. Mor.ov.r, syncytium induction i, abolished by 
pr.treating cultur.s with anti-T4A monoclonal antibody 
(Tabl. II). Finally, wh.n HSB2-T4+ c.ll, ar. exposed 
to vsv (AIDS) ps.udotype,, inf.ctiou. vsv particl.. ar. 
product which d.,troy n.ighbcring indicator c.ll, 
(Tabl.. I and III,. Furth.r»or., piaqu. formation i, 
inhibit.* by pr.tr.ata.nt with .ith.r anti-AIDS viru, 
antibody or anti-T4A monoclonal antibody (Tabl* III) 
Control HSB2-T8+ c.ll, ar. con.i,t.ntly n.gativ. in 
•ach of th. ,.v.n a,,ay, .aploy.d to d.t.ct AIDS viru, 
infetion (Tabl.. i, X1 , and XXXJ . ob».rvation. 
provid. g.n.tic .vid«mc. that in an immatur. human T 
lyaphocyt., th. m«r. pr.a.nc. of th. T4 prot.in pr - 
vid., an essential function r.quir.d for AIDS viru, 
inf.ction. 
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55 , x 10 AIDS virus- 
producing H9 c.U, (B9/AIDS ) and 

v2r? bat : d *? 3 Z C - *» culiuJil 
vac* exaained for svncvti* 

*t.r 18 hour.r nCy |h. 
result* ara expressed as tha 
tpproxiaate percentage of nuclei 
25 contained within syncytia- - ill 

JSSttoi/ wV / a5 >? C30%? 
90% ) ;ND (not determined) 

2;32« K inhibition wi; 

assayed by adding anti-T4A 
monoclonal antibody <*T4A, 1:20) 

tiae of seeding. The natuarllv? 

siee served aa positive controls 
in these studies. 
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^ ua«d «« control. i„ *K typ * a (54) ' 
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AIDS Virus Infection Is Hot Restricted ta T Lvaohocvtas 

A functional T4 cONA was introduced into two human non- 
T call linas: HeLa, an epithalial call lina darivad 
g from a carvical carcinoma (72), and Raji, a B lympho- 

blastoid call lina darivad from a patiant with 
Burkitt's lymphoma (73) (Figure 11B) . Prior to retro- 
virus-madiated gene transfer, thaaa call linas do not 
express surfaca T4 protain or T4 mRNA, nor ara thay 
10 suscaptibla to AIDS virus infaction (Tabla I). m 

addition, tha parantal call linaa do not support tha 
induction of syncytium nor tha plating of VSV (AIDS) 
psaudotypas (Tablas I, II and III). 

ig In contrast, T4 + Raji and HaLa transf ormants support 

AIDS virus infaction by all of tha critaria praviously 
dascribad (Tabla I). Tha afficiancy with which Raji- 
T4 calls can ba infactad with AIDS virus approximates 
that of HSB2-T4* calls and is about 10 fold highar than 
tha afficiancy of infaction of tha naturally-isolated 
T4 + T call lina CTM (Figura 12) . Moraovar, upon co- 
cultivation with AIDS virus-producing H9 calls, Raji- 
T4 and HaLa-T4* calls support tha induction of syncy- 
tia which is abolished by pratraating cultures with 
anti-T4A monoclonal antibody (Tables I and II; Figura 
13). In addition, axpoaura of thasa calls to vsv 
(AIB*) psaudotypas results in tha production of infec- 
tious VSV and tha formation of plaques which ara inhib- 
ited by pratraatmant with anti-AIDS virus antibody or 
anti-T4A monoclonal antibody (Tablas I and III) . con- 
trol Raji-T8* and HeLa-T8* transf ormants ara consis- 
tently nagative in each of these assays (Tablas I, II, 
and III) . 
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Th.r.fore, the introduction of a functional T< ge r e 
into either human T lymphocytes, B lymphocytes ~ 
epithelial cells is sufficient to render such cei~ s 
susceptible to AIDS virus infection. TaXen together 
5 these observations indicate that the T4* T cell t-p lsa 

observed in vivo is a consequence of the restricted 
expression of th. T4 molecule and not the nature of the 
cell typ. i n which it is expressed. 
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AIDS Virus Binds to Surface T 4 Protein 

Th. previous experiment, provid. g.n.tic evidence that 
T4 expression is required for AIDS virus infection but 
do not provide information on th. rol. of this molecule 
xn th. viral lif. cycl.. Th. obs.rv.tion that surface 
expression of T4 is necessary for AIDS viru. infection 
suggest, that T4 i, th. AIDS viru. r.c.ptor. cyto- 
fluoromatry v.. therefor. u..d to .xamin. th. binding 
of AIDS viru. to th. surfac. of T4+ and T8* tran.- 
form.d human call. (T abl. x, figur . 14) . HSB2 , Raii 
and H.L. c.ll,, and th. T4+ or T8* tran.f ormants , w.r. 
xncubafd with AIDS viru.. Following viral absorption 
th. c.11. w.r. wa.had, .xpos.d to f luor.sc.in-conjugatl 
ed anti-AIDS viru. antibody, and analyzed by flow cyto- 
metry. Thi. a,..y indicat.d that th. AIDS virus binds 
efficiently and specifically to th. human tran.foraants 
expressing surfac. T4, but not to th. T4~ parental 
c.11. nor to th. T8+ transf ormants (Figur. 14, column 
B; Tabl. I). Th. binding of aids viru. to th. T4* 
c.ll. i. abolished by preincubation with anti-T4A 
monoclonal antibody but not by preincubation with anti- 
T8 monoclonal ^antibody (Figure 14, column C) . More- 
over, when T4* transformed c.ll. ar. .xpos.d to AIDS 
viru., the T4 glycoprotein coprecipitates with th. 
viral envelop, glycoprotein , suggesting a dir.ct phys- 
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ical association between these aol.cules (data no- 
shown,. These results indicats that ths AIDS virus 
binds to ths T4 aol.cul. on th. cell surfac. and that 
this binding is indep.ndent of oth.r T cell-specif ic 
protein, sines binding occurs to all T<T cell types 



exaained. 



Pr.viou. studies have d.scrib.d tvo distinct pathway, 
of entry for enveloped virus.. (74, 75, 76. 77). soa. 
virus., fus. directly with th. plasma aeabrane, releas- 
ing th.ir nucl.ocap.id. into th. cytopla.a, whereas 
oth.rs ar. int.rnali*.* by r.c.ptor-».diat.d endocyto- 
sim. Th. acidic environa.nt of th. .ndo.om. th.n fa- 
cilitate, fusion of th. viral .nv.lop. with th. Halt- 
ing a.abran. of th. vacuol.. Inf.ction by virus., 
which .nt.r c.U. via th. .ndocytic pathway can b. 
inhibit** bv tr.ating c.U. with ag.nt. ,uch a. w.ak 
ba... which daacidify th. endo.oa. (58, 78, 79, 80). 
In th. pr...nc. of aaaoniua chlorid., fu.ion i. blocked 
in th. .ndo.oa. but ly.o.o»al degradation .till pro- 
ceed, at a reduced rat. (80) . 



Th. .ff.ct of aaaoniua chlorid. on AIDS viru. inf.ction 
of th. T4 T c.U lin. JM was th.r.for. .xaain.d. m 
th« absonc. of aaaoniua chlorid., ov.r 50% of jm cells 
axpoe*d to AIDS viru. expr.s. viral antig.n. fiv. days 
•ftar infection a. d.t.rain.d by iaaunofluorescence 
microscopy. if jm c.ll. ar. exposed to aaaoniua chlo- 
rid. (for 6 hour.) .ith.r at th. tia. of addition of 
viru. or within 30 ainut.. after the addition of viru., 
9rMt,r 9 »* inhibition of viral inf.ction was 

ob..rv.d. How.v.r, if c.U, were tr.at.d with aaaoniua 
chlorid. on. hour after th. addition of viru., no inhi- 
bit! n of infection wa. ob..rv.d, a finding con.i.t.nt 
35 with th. )cin.tic. f viral .ntry d..crib.d for oth.r 
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viru .. which .nter c.ll, via receptor-mediated endocy- 
toaia. Finally, the ammonium chloride effect was com- 
pletely .r.v.raible. cells exposed to ammonium chlo- 
ride for one hour, and then waahed free of the compound 
and expoeed to AIDS virua, supported control levels of 
viral infection. These result, are consistent with 

IZIZ: °" MrVati ° na that "»°val of ammonium 

chloride, the pH of the endo.om. return, to the origi- 
nal low value, within l- 2 ainut: „ (78 , £ 
"suits with amantadine, a compound which d.acidlf I 
the endosome, were obtained. 

These result, are consistent with a mechanism of viral 
ZIZ H inV ° 1VM -^-^ of the T4-AIDS v ™ 

JZ 1 PH " indUC - d fU » ion <" **• viral envelop. 

thTvira^l T" 9 MBbran# ° f ^ - nd °—' "1-"^ 
the viral nucl.ocap.id into th. cytopla.m of th. c.ll. 

T4 mJWA is Exnr. g « . d in th« Bt-.^ 

in addition to th. disruption of th. c.llular immune 
system, AIDS i. fr.qu.ntly accompani.d by c.ntral n.r- 
vou. ,y,t« (CHS, di.ord.r, which ar. thought to b. th. 
con..^.„ c . of th. dir.ct inf.ction of brain ells by 
th. AIDS viru, (81). it wa. th.r.for. of int.r..t to 
whether T4 i. expr.e.ed in c.ll, within th. 
a*, thereby providing an .xplanation for th. neurotro- 
pic pxop.rti.. of the viru.. Northern blot analyses of 
RNA prepared from both human and mouse brain, were 
Performed to d.t.nnin. wh.th.r T4 mRNA s.qu.nc.a ar. 
•xpr....d in th. CNS (Figure 15). Poly(A,- rna d.riv.d 
fro. huaan c.r.bral cort.x contains two distinct T4 
mWlA, with molecular weight, of approximately 3 and 1.8 
*b (Figure ISA, . Th. w.ax.r 3 kb RNA i, id.ntical in 
»«• t th. mRNA expre„«d by tw T4 + leuJcemic c.ll 
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linaa, U937 (monocytic call lina) and Jurkat (T call 
lina), as wall as by paripharal T lyaphocytaa. Tha 
saallar, mora abundant 1.8 kb aRNA abaant froa t lya- 
phocytas could rasult froa altamativa splicing or 
altamativa 5' or 3' taraini. 

A mora caraful analysis of tha localization of T4 aRNA 
was parforaad by isolating poly (A) * RNA froa spacific 
ragions of tha aousa brain (Figura 15B) . Hybridization 
with radiolabalad cDNA ancoding tha aurina hoaologua of 
T4, L3T4, ravaals an intansa 2.2 kb aRNA in aousa fora- 
brain which is absant froa hindbrain samp las. Tha 2.2 
Jcb L3T4 aRNA is datactabla in tha cort.x, hypothalaaus, 
and is aost abundant in tha striatum, but is absant 
froa tha caraballua, brain staa, or spinal cord (data 
not shown). This 2.2 Jcb aRNA datactad in tha CNS is 
approximataly 1 Jcb saallar than tha 3.2 Jcb aRNA anc d- 
ing L3T4 in thyaocytas (Tigura 15B) . Thasa rasults 
indicata that tha naurotropisa displayad by tha AIDs 
virus is lixaly to ba tha rasult of surfaca axprassion 
of tha T4 aolacula on brain calls. Tha laval of aRNA 
datactad in forabrain is about l/30th tha laval in 
thyaocytas. This aay raflact low laval axprassion by a 
larga nuabar of calls or highar lavals of axprassion by 
a small subpopulation of calls. it is not known at 
praaan* vhathar T4 is axprassad by naurons or support- 
ing calls. Tha prasanca of a variant transcript in tha 
CHS, hovavar, aaxas it unlikaly that tha T4 aRNA in 
brain is axprassad by tha rara invading T lyaphocyta. 
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Tha aagragation of T4 and T8 with functionally distinct 
subsats of T calls suggasts that thasa molaculas aay ba 
important in th intaraction of T lymphocytas with 
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appropriat. target calls, a, a first , t . p in unde _ 
standing tha specific rola of thesa prot.ins, cona 
clonas vara obtained of both tha T4 and T8 aolecuias 
and their nucleotide sequences vara determined (20 
5 70). comparison of tha d.duc.d protain saquancas o* 

T4 and T8 indicat.s that th.sa aolecules shara signifi- 
cant saquanc. and structural homology with iamunoglo- 
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bUlln va "**l« (V) domain, and a. m.abars of tha im- 
munoglobulin supargana family. However, tha N-tar- 
minal V-li*e domains of T4 and T8 ar. quita different- 
thay shara only 28% homology and ar. thar.for. l.sa 
homologous to aach othar than aach is to immunoglobulin 
lxght chain. (Figura 9A) . Moreover, th. r.gion. of 
maximum con.arvation between T 4 and T8 ar. also th. 
regions of strongest homology to immunoglobulin and T 
ell r.c.ptor V ragions. Thus, tha immunoglobulin- like 
domain, of th... two molecule., although structurally 
similar, show significant s.qu.nc. div.rg.nc. consis- 
tent with th. hypoth..is that th.y recognize diffarant 
molecule, on different subs.ts of targ.t c.lls. 

Th. v-lik. region structural homology shar.d by th. N- 
t.rminal domains of T4 and T8 may b . of" particular 
r.l.vanc. to th. functions of th... prot.ins. virtu- 
ally all inbtri of th. immunoglobulin sup.rg.n. family 
participate in th. iamun. r.spons. (62). Mor.over. 
th. individual a.mb.rs of this family show a strong 
tand.ncy to associata with aach othar to form dia.rs. 
This association is apparent in th. interaction of tha 
^ haavy and light chains of immunoglobulin, th. alpha and 
b.ta chain, of th. T call antig.n r.c.ptor, ^-micro- 
globulin and class I MHC protains and tha alpha and 
b«ta chains of class II MHC molecules. The T8 glyco- 
protein form, a disulphida bond with T6, a presumed 
35 HKC-UJca mol.cul., on th. surfac. of thymocyt.. (82), 
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and exists as multiaers of the 32 kd subunit on per iph - 
•ral T lymphocytes (83). The presence of four v-ii*. 
domains in T4 indicates that these regions associate 
with on* another as well as with specific ligands on 
the surfac. of othar ells or viruses. These specific 
affinities of iamunoglobulin-liXe molecules may 'be 
essential for the recognition functions of T4 and T8 . 

Evolution of T4 



In the immunoglobulin and T cell antigen receptor 
ganes, the V and J exons are widely separated and be- 
come juxtaposed only after a somatic recombination 
•vent (62, 63). The T4 mRKA encodes four contiguous V- 
lg and J-lix. elements without the requirement for DMA 

recombination events. it is therefor* possible that 
T4 reflects a more primitiv* g*«* that evolv*d b«f r* 
th* *m*rg*nc* of r*arrang*m*nt mechanisms. Fur*h*r 
support for this derives froa r.c.nt observations that 
th* first V-lix* r*gion of T4 (Vl) i, ,pii t b y an in- 
tron not pr*s*nt in th* V g* n *s .needing *ich*r th* 
immunoglobulins or T c*ll antig*n r.c.ptors. Accumu- 
lating evidence suggests that it is far more lix.ly f r 
introns to b* pr*cis*ly removed during .volution that 
for introns to b* ins*rt*d in a previously intron-free 
•nvironmont. Thus, T4 may represent an ancestral im- 
■naoglobulin gene which underwent duplications, diver- 
games, and rearrangement to generate th* current im- 
munoglobulin gene family. Although functional in a far 
30 aora complex immune system at present, T4 may r*fl*ct 
r*c*ptors op*rativ* in mor* primitiv* c*llular immun* 
responses. Primitiv* immun* responses, such as thos* 
of inv*x-t*brat*s, do not appear to involv* a div*rs* 
r*p*rtoir* of receptor molecules, but in the simplest 
cases are restricted to a distincti n between self and 
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t«.. th. ora.n^ation of thi. ,.„., „ £ 

«=h ,h, rina hOTelew vtth dltl , r , nt 

«. ■oi.cul.. which p.meip.«. in imun . rMp J£; 

T4 i3 th. AIDS Vii- ua RtMp tnr 

Th. data provide h.r.in sugg.st a m.chanis. of AIDS 
virus infaction which initially involv., th. u ^£" 
.-ociatio« of th. AIDS virus with T4 aol.cul.s'on 1 
«01 surxac. Thi, association may b . d.»onstrat.d on 
T ly»phocyt M , B lyaphocyt.s, and .pith.lial call,, and 
t^r«for. do.s not r.quira th. participation of addi- 
tional T c.ll-sp.cific prof In.. Additionally, th. 
data providad h.r.in indicata. that th. T4-AIDS virus 
co»pl.x is int.rnalizad via r.c.ptor- a .diat.d .ndocy- 
to.i. and th. viral .nv.iop. th.n fus.s with th. limit- 
ing a.*bran. of th. andcso.., r.l.a.ing th. nuel.oc.p- 
sid into th. cyt plas». viral r.plicati „ and tran- 
scription can th.n occur in b th lymph id and non-ly»- 
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pfa id call lines. Moreover, the T4 gene is expressed 
in the brain as w 11 as in lyaphocvres, providing an 
explanation for tha dual neurotropic and lyraphotrcpic 
character of the AIDS virus. In this manner, a T lya- 
5 phocyte surface protein important in mediating effsctor 

cell-target cell interations has been exploited by a 
human retrovirus to specifically target the AIDS virus 
to populations of T4* cells. 

w Cell surface receptors havs been identified for a num- 

ber of enveloped viruses and the pattern of expression 
of these receptors is often responsible for the h st 
range and tropic properties of specific viruses (74, 
76). som. viruses will infect only a narrow range t 

ig cell typ*., reflecting the expression of the viral 

receptor on specific populations of target cells. 
Rabies virus, for example, interact, with the nicotinic 
acetylcholine receptor (87) and inf.cta largely skele- 
tal muscle and neurons, whereas the Epstein-Barr virus 

^ interacts with the C3d complement receptor type 2 (88) 

and infects B lymphocytes-. other viruses, such as the 
nyxoviruses, interact with ubiquitously distributed 
sialic acid residues on the cell surface and infect a 
much broader range of cell types. 
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Tbm restricted expression of cell surface receptors 
provides) only on* explanation for viral tropism. s me 
viru»«s will replicate only in a restricted set of 
differentiated cell types whereas others will only be 
efficiently transcribed in specific cell type*. Hence, 
the Moloney murine leukemia virus (Mo-MuLV) induces T 
cell lymphomas in newborn mice,, yet the closely-relat- 
ed Friend helper murine leukemia virus (Fr-MuLV) induc- 
es primarily erythroleukemias (89, 90, 91). This tro- 
pis» is th ught to result froa differences in the LTRs 



# * 



WO 89/08143 W W PCT/US89/00762 



10 



-77- 



which fcilitat. th. .ffici.„* transcription of th. Mc- 
MULV g.noa. in T lya.phocyt.s and th. Fr-MuLV g . nOM , n 
arythroid precursors (92, 93, 94). 

A. indl=«. d h „. in , th . priMry trop . e 
«. AIDS Vi„, i, th . „ r , llio „ ef ^ T< 

.«rf.c. ot th. t,r,« e.U. J,, vi^ int .« ion 
—trief* to ly.phci. e.H. „«, By . ao TT=.U, ^ „.u 

2 ^«r T n r- h tion * indic "* th * ^—io 

1.11, Jill H« K " ly -" h0 ^" — .Ptth.il.! 

viru. r.„d.rs th... e.ll, . u ,„ ptibl . to productiv . 
inf.ction by aids viru«. " 
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Example l: Soluble T4 Fragments 

Soluble T4 glycoprotein fragments art prepared usxng 
limited protease digestion froa cell preparations. 
g Alternatively, DNA expression vectors encoding T4 

fragments vnich lack the transaeabrane doaain, a region 
containing neutral and hydrophobic residues, aay be 
constructed and used to produce such T4 fragaents. 
These fragaents are soluble in aqueous solutions and 
1Q contain leader (signal) sequences. When expressed in 

aammalian cells, these fragaents are transported to the 
rough endoplasaic reticulua/golgi coaplex and eventual- 
ly secreted froa tha cells. 
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Exaaple 2: Treatment of aids Patients 

Soluble T4 glycoprotein fragments as described in Exaa- 
plo 1, tyically in a pharmaceutical ly acceptable carri- 
er, are administered to patients infected with a huaan 
immunodeficiency virus so as to bind to virus present 
in tho the subject's blood and other body fluids and 
block infection of T4* cells in vivo . Alternatively or 
additionally, a patient's blood is cycled through a 
column containing either immobilized T4 glycoproteins 
or soluble T4 fragaents so that the virus aay be sepa- 
from the blood. Such measures permit the immune 
symtam to mount a more effective immunologic response 
against tha virus, i.e., allow uninfected T4 + T cells 
to proliferate. 

Soluble T4 fragments are used as a therapeutic, i.e., 
an inhibitor of extracellular and cell-cell spread of 
HIV infection. Applicants have shown that soluble T4 
fragments inhibit in vltr HIV binding t , and infec- 
ti n f, T4* target cells (see Example 4). Administra- 
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tion of solubl. T4 fragm.nts to parsons mfect.d wi~ 
HIV inhibit. .xtrac.llular spr.ad of th virus in'.J- 
tion. Additionally, fusion of HIV-inf.ct.d T4 + c .u, 
and noninf.ct.d T4 + c.lls, which is also a rout, by 
5 whach th. virus spr.ads, ar. inhibit.d by administra- 

tion of solubl. T4 fragments. 

Th.r.for., administration of solubl, T4 fragm.nta slow, 
th. cours. of dis.a.., all.vi.t.. ,. v .ral . Wo .. 

IIZIV'* ^ AIDS ' ^ Pr - V - ta ~~-nc. 7f n.w 
pathologic changes. 

Solubl. T4 fragm.nts, bioch.aically pur., aqu.ou, solu- 
bl. r.«g.nt., ar. u,.d in combination with oth.r r- 
ag.nts to assay for comp.titors of th. T4-HIV infrac- 
tion. Thus, solubl. T4 fragm.nts, in combination with 
HIV .nvlop. prot.in, or bioch.mical mixtur.. contain- 
ing HIV .nvlop. prot.in., ar. us.d to ,cr..n for in- 
hibitors of viral binding. 

Exampl. 3: Production of soluble T4 rr aep .^. 

A CDMA .needing th. ».mbran.-bound T4 prot.in ( P T4B) 
ha. b..n i.elafd, charact.riz.d, and .xpr....d in a 
variety of «««B.lian c.ll typ.* (70) . Solubl. T4 frag- 
ara producd in bact.rial. y.a.t, in..et, and 
mmmamlimn systams. B.cau.. th. T4 prot.in lix.ly folds 
in a comply aann.r and is glycosylated, .xpr.s.ion in 
mammalian sysfms is pr.f.rr.d. Solubl. T4 fraga.nts 
ar. product by truncating P T4B aft.r th. V.J. domain 
Such DMA fragm.nts t.rminat. b.for. th. transm.mbran. 
s.ga.nt, which b.gins at approximat.ly nucl.otid. posi- 
tion 1264 (Pigur. 6). This r.combinant DNA mol.cule 
lacks beth th. transm.mbran. and th. cytepla.mic d - 
wins. Th. Ec Rl-Hpall fraga.nt, which .neompass.s 
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nucl.otid.s 1 through 1252, is isolat.d by as.amblymc 
it from small.r fragments of P T4B. Alt.rnativ.ly th. 
a.mbran.-spanning s.gm.nt alon. is d.l.t.d. Laving -ha 
V 4 J 4 domain fua.d to tha cytoplasmic domain. ona ap- 
5 Proach is to d.l.t. th. fragm.nt spanning th. Hpall 

sxt.s from nucl.otid.s 1252-1342 from pT 4B. such con- 
structs maintain th. T4 signal s.qu.nc. n.c.s.ary for 
•ntry into th. rough .ndoplasmic r.ticulua/golgi com- 
plex and .v.ntual s.cr.tion fro. the c.U. i„ addi . 
1(J tion, th... constructs maintain th. .xtrac.llular p r- 

tion of th. T4 prot.in in which th. binding domain for 
th. human immunod.fici.ncy virus .nv.lop. glycoprot.in 

in ord«r to .xpr... solubl. T4 fragm.nts in mammalian 
sy.t.m., th. modifi.d T4 COMA fragrant i, subclon.d 
into vctor. containing strong .uJcaryotic promot- 
•r./.nchanc.r. a. w.ll a . polyad.nylation sit., r- 
quir.d for cl.avag. and polyad.nylation of th. rna 
x For .xampl., th. simian virus (SV40) .arly promot.r and 

•nchanc.r is po.ition.d upstr.aa from th. solubl. T4 
cDNA fragawmt. Transcription termination and RNA poly- 
ad.nylation art achi.v.d by placing th. polyad.nylation 
sit. of .ith.r SV40 or th. human growth hormon. g.n. 
25 downstr.a* fro. tha solubl. T4 cDNA fragment. intro- 
duction of a construct containing th.s. .l.m.nts to- 
g«th«r with a s.l.ctabl. mark.r into .uxaryotic ells 
by any of sav.ral m.thods known in th. art l.ads to th. 
»tkbl. integration of .xog.nous ONA. Transf ormants 
w s.l.ct.d by virtu, of th.ir ability to grow in s.l.c- 
tiv. a.dia s«cr.t. solubl. T4 fragments into th. cul- 
ture sup.rnatant. Solubl. T4 fragn.nts ar. d.t.ct.d in 
th. supernatant by on. of s.v.ral assays, ..g. radioim- 
munopr.cipitation, and than purifiad. 
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Purification and characterization of solubl. T4 — » 
a.nts i, or.atly .nhanc.d by constructing , C .U ' l~. 
which ovaraxpr.,,., th. s.er.tad prot.in Jraoa.^i 
Str.t.gl.. which allow th. ov.raxpr.aaion of prot.in, 
, h.v. b.„ „ pl oy.d in bact.ria. y.a.t. in ,.ct \" d 

--.».» ,y.t. M xnducihl. .xpraaai.,, , yit .^ 

prot.in. which My b . toxie if co„.titutivl! y Z. 
pr... M . ov.r.xpr...i 0 „ of „ lubl . T< ~" 
10 .==o.pli.h.d by ,-plifyin, . , olulJ1 . T< " 

vctor. r..ultln, i„ = on .t ltu tiv. ov.r.xpr.s.To ' ™ 
a-plificaticn of dihydrofolat. raduct...^ £ " \Zl 
by growth i» pro,r.„iv.ly incrMMd conc.ltr.tion. rf 

oru, ..thotr.xata. an antagoniat ot Qhtr> h „ 
wid.ly „p loy . d . slne . iBpllfi#d ^ b~n 

•« to dhfr coding ..gu.nc.., thi. approach ra.ult. in 
Th.r.for.. dhfr i. UMd „ . Ml . ct , bl . Mrlt . r t ; nd ^~- 

.^HC . * U "'" tu11 * t. incr.... th. 

w^n^fr „1 .T*" 1 dl "*" n * =otr.„.for».d 
1^1^ P '"" id '- *" »"«m.tiv. amplification .eh... 
involv.. eotrw.f.«lon of th. .olubl. T4 cOHA .xpr.a- 
.ion vctor with ^...^ pdUkT _ 3 fonow4d ^ 

2S »l*etion Khu, a. pr.viou.ly d..erib.d (103). 

»~«for., th. .olubi. T4 CON A .xpr...io„ con.truct i, 
cet^fcfd with . dhfr .xpr.„ion placid. Alt.ma- 
«v.ly. th. dhfr g.n. r.aid.. on th. , u . pl ,„ id „ 

30 » el ^ 1 « ™ cONA fr.gwnt. allowing link.s con- 

formation. Tran.f.ction of th... construct, into dhfr- 
d.fiei.nt (dhfr") Chin... „, M t.r ovary (CHO) call, and 
aub..qu.nt ..Lction in m.thotr.x.t. p.r»it» th. i.ola- 
tion of atabl. tran.fon.ant. that axpr... „.„i y intro . 

35 "•^• Bc «»- S.v.r»l clon.. ar. purifi.d and cul- 
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tur. sup.matant. coll.ct.d and ,„ ay . d tor t Dr>> 

.nc „ .ox^. T4 tragn . ntI . = ion „ y vhieh r pr 7 uc : r 

cr.at.st l.v.x, of solubl . T4 f > ^« «• 

, ».« =.11 Un., ar. th.n cultivate in ..Lctiv' 

contain, «. pwiM in „.„. d conc.ntr.tion, of 

IL. ^ *• r " chi "« th. hi,h..t a.thotr.xat. 

conc.ntr.tion. .urvivin, c.u, . r . .^.^ to ""rth 

tor th. pr...„c. of solubl. T4 fr.o,.nt.. 



10 



IS 



20 



25 



in ord.r to charact.ri*. th. .o!ubl. T4 in 
th. cultur. supernatant, ..v.r.l . 

ly..t.. and .up.m.t.„t, ar. th.n ». lyt . d by rMi *" 



rn.rei.Uy .v.Uabl. a„ti-T4 antibodi... .o.-p.i y " ?. 
,.x .Lctrophor.-i. u p « forMd oB ^r/ZZl 

••• (M r ) of th. Mcr«*j, truncat.d for. of T4 i, 
B.CU-.. it i, .^..izad i„ . .^.^ 
^y.t«, thi. prot.in i. prop.rl y g lyco.ylat.d and fold- 
1.. diaulphid. bride.. . r . tor ».d. In ord.r to 

^ i^H * 0 . 1Ub1 ' T * **"■•"» <"» ~»"r. .up.m.- 

t«t. i^inoaffinity colu»n =hro».to,r.ph y i, P . rfo „.d 

u.i„, a„t 1 -T4 antibodi... Pro t.i„ bound to th. „^ 
30 « hi,h .. lt conc.ntr.tion. and low pH. SOS- 



«j*w iov p«. SDS- 

polyacryl^id. g .i .l.ctrophor.si. of th. .lut.d at- 
rial is p.rfonn.d in ord.r to d.t.rain. th. m and 
purity of th. . lu t.d prot.in fraction. In addition, 
radioi M ui.o P r.ci P itati n and W.t.rn bl t analysis i. 
35 also P .rf ™.d i„ ord . r t furth . r charact . ri2- ^ 
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affinity-purifiad material. 

Similar approach., nay be undertaken in bactaria yeast 
and ins # cti to produce solubl. T4 fragments. m addi- 
5 tion, fragments smaller in size than th. on. d.scrib.d 
ner.xn, ..g. containing only tha V J domain aay b . 
produced. 11 Y m 

Constr uction «f vectora 

O.in, r.conbin.nt ON* rn.nipul.tion,, b... p, ir , (bp) x . 
In sv 40 T" " eD "* 

ton - J" 7 PrMO " r * TAA «•»*»•««. codon 

«^ h y > 01 *""* 1 "'™ »9ion „ th. bovin. 

)s *ro«h horaon. g .„.. ,^. nc . of ^ T< 

! h^T t " C * Pt ° r - •»« w. Join.* vith 

huwn H-r„, or « »ou„ dihydrofoi.t. r.duct... mini- 
on., to cr..t. th. v .ctor. pST4CHr.. .„d pST4 DHFR 

20 T "P«« iv «ly- T»« co„.tru=tio„ of th... v.ctor. v., 

as follows: 

Construction of p S T4„y P i„»id P ST4sal was con- 
struct^ fro. two other plas»ids, JRT4 and pUCsT4. Th. 
2g construction of these plasaids is detailed below. 

Con^troctlon of plasmid ,TPT4 ; To create plasaid jut 4 
plaamid DSPl (103, was cut with Xhol, tha SV40 polyA 
•arly ration wa* dalatad and tha xho I sites were 
^ filled in using Kl.nov fragment of DMA polymerase. The 
bovina growth hormone polyadenylation region (113) was 
cut with Pvull and Kpnl, and tha Kpnl sit. was bluntad 
by treatment with T4 DNA polymerase. Thi. 230 bp frag- 
ment was ligated to DSPl to create DSP1BGH. 
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DSP1BCH v., e»« with s M I and Sail and th. ^ 
..«. ,=on.i,tina of th. SV40 .arly pro.ot.r. 
codmo r.gion .nd BGH polyA r . aion) v „ « 

pucj, ,io7, .t ait . by usina a syntfl * tic - n ;= 

5 .'nd ^ °' 1 3411 — ■ • BCHI .if. and a SmI 

•nd. Thi. thr.. part ligation r.,ult.d i„ pla „ J 
0SP1BZBGH. JT. P-iasaid 

DSP1BZBGH.JT. „ hl c„ w.. cut With ,tul .„d Bc» to ... 
10 l«. th. ,.1K coding r.,io„. wa. Ug.t. d to , °/L 

E=oRl (fiiLd in)-B«aHl fr»<™.„ , ■ 
^n»» . . saw tr.gn.nt, containing th. T4 

=DH» fro» pl ... id P T4B ,70, to cr..t. pl a.. id l* T 4 

£a n»truction of pi,..,,, 

3^"'= X1 "* to P«=» which h.d b..„ out 

20 of*!! ,\ * 1 ,nd » M « »••" •"<•• Th. Hp.II .„ d 

Of th. T4 COHA v.. lig , t .d to th. Xb.I .it. ot pV cT» 

25 Plaamld was pOC»T4. * 



! p d pST4M1 ' plaaai#d JRT4 va - ^ with 

WII and Sacl .nd 959 bp fra<n,.nt (consisting of th. 
SV40 ..rly promot.r .nd th. first 602 nucl.otid.s of 
30 th. T4 cONA) was isolate. Pias.id p0c .T4 was cut with 

IT 2 *™?* 1 an<1 * ^ fra9B#nt <«""*-«»l of th. 

T4 cDNA fro. nucl.otid.s 603-1237 followd by th. TAA 

codon fro. th. synth.tic link.r, wa. isolate. Th... 

two frag..nta w. r . ligat.d into DSP1BZBGH. JT which had 

M b.. n cut with Bglll and Xbal t d.l.t. th. SV40 .arly 



WO 89/08143 



^ PCT/US89/0O762 

-85- 



25 



30 



promoter and full length T4 coding region. The re- 
sulting plasmid was pST4sal. 

construction of F ST4DHFR ; To create plasmid pST4DHFR , 
g a Bgl XX -BaaHI fragment containing a S-globin DHFR ex- 

pression cassette was ligated into the BaaHI site of 
P ST4sal. The i-globin DHFR expression cassette con- 
sists of: tha aoua« *-globin promoter (550 bp Hindi 
fragment from plasmid pPK288 (108) modified at its 5' 

1(J end with a synthetic linker to contain a BglH site; 

tha mouse DHFR coding region (735 bp Hindlll (fill-in) 
fragment from plasmid pSV2-0HFR (109); Nhel (fill-in)- 
BaaHI (fill-in) SV40 polyA early region from DSPl 
(103); and tha mouse DHFR terminator region (907 bp 

i5 Hindlll (fill-in fragment from plasaid mOH9 (HO) 

modified at its 3' end with a synthetic linker to cr.l 
at. a BaaHI site. The plasmid map of pST4 DHFR is shown. 

Construction of P ST4cHr«» : Plasmid pMERcHras was cre- 
x atad by cutting plasaid pSVX (Hi) with EcoRV and 

Hindlll (fill-in), to reaove the galX region, and li- 
ghting in an 870 bp Ndal ( fill-in) -Sail (blunted by 
aung baan nuclaasa) fragment, containing the coding 
region for cHraa, -froa plasaid pSKcHras (112). 

Tha aolubla T4 transcription cassette was removed from 
pST4sal via a Bglll -BaaHI fragment and ligated into the 
BaaHI sita (3' to the SV40 polyA early) of pMERcHras 
to create pST4cHras. 
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Expreaaion of soluble T4 (sT4) minioenes in mammalian 
calls 

Expression of osT4cHraa in NIH-3T3 calls ; Plasmid 
pST4cHraa (10 M g) was co-pracipitatad by the calcium 
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phoaphate precipitation method with 10 „g of piasaid 
pTXn.c, a vector conferring G418 resistance, ln the 
presence of 10 „g carrier DNA (NIH-3T3 genomic DNA) onto 
NIH-3T3 cells (seeded at 5 X lo 5 cells par «o M 
5 culture dish on the preceding day,. The cells war. 
.ncu^ated with the precipitated DNA for 6 hour, at 37 

(DKEM, 5 % Nu-serua- (Collaborative R...arch, mc 

™. xi ri o i n s » - — - ^ ' dia 
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20 



a^ia V °° ^ diShM ^ -i»t«in«l in the abov 
^ 4 day. ^"^^^ »• >~ a PP .ar.d in 

VM ° f th * t « n «°™-* foci were s - 
lacted. expanded and then ... d . d at 3 x lo 5 cells oer 
loo an dish for s . lwiQn in ^ abov# ^ £ P~ 

n n : rT ciN# G4ia (cibco s °.° 

land. New v 0 r*, . A11 lx clon „ ^ ^ 



(=00 „g/al) and w . scrMn#<1 for • -™ n 

standard protein iaaunoblot analy.i.. * 



Th. clone, which expressed th. highest l.v.ls of pai 
(approximately 2 ng P 2l/ M g Triton-soluble protein, w'r. 
a«ayed for expression of sT4. Confluent culture, ware 
-cubate* for 13 hour, with »S-lab.ll. d a.thionin 

25 w^.^ aU ^ rn * t ^» «- cell lysate. 

ymrm imunopr.cipitated with nonoclonal antibodie. 
•Pacific for the T4 (0KT4, OKT4A, and the T8 (OICT8, 
receptor., polyclonal antibody .pacific for ra. 
proteins, or non.p.cific aous. igc. a protein of abo^ 
^ 43 kd, th. predicted si,, of «T4 , wa. specifically 
precipitated froa th. culture aediua by both of th. 
monoclonal antibodie. dir.ct.d against th. T4 r.c.ptor 
The .T4 band wa. not ob.arved in c.U l y . at ... A , 
•xp.ct.d, P 21 wa. pr.cipitat.d froa th. cell but not 
fro. th. cultur. sup.matant«. Sub..qu.nt quantitati n 
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shows, compared tc purified sT4 , these calls pr-cuca 
relatively low levels of sT 4 , i..., approximately ice 
fold lower than with CHO calls as dascribad in Exaapl. 
2B. 

5 Expression of DST4DHFS in Chin,,. HaM t.r rw arv , rV n> 

callsi DXB-ll calls, a DHFR deficient CHO cell line 
(104) ware transf acted by calcium phosphate precip- 
tiation with 10 to 30 „g of pST4DHFR in the presence of 
10 ,g carrier DMA (NIH-3T3 genomic DNA) , one day after 
10 seeding 60 ma dishes with 5 X lo 5 cells. Cells were 

incubated with the DNA precipitate for 6 hours at 37- 
C, tha madia was removed, and fresh madia (F12, 10% 
FBS, 100 units/ml paniciUin and streptomycin) was 
added to tha disha.. The madia was changad again after 
15 16 hours and tha calls ware incubated for another 24 

hours. Tha call, war. than trypsiniz.d, saad.d into 
thraa 100 mm dishes and selected in nuclaoside-f ree 
madia (F-12 without hypoxanthina and thymidine, io% 
dialyzad FBS, and 100 units/ml paniciUin and strepto- 
mycin). Colonies (approximately 100 par dish) appear d 
in 7-10 days. Colonies from each dish wars pooled, 
•xpandad and than seeded at 3 x lo 3 and at 3 x lo* 
calls par wall in 24 wall cultura plates, or at 5 x lo 5 
calls par 100 ma dish. Tha calls were allowed to re- 
cover for 3 days before beginning selection in nucleo- 
id* free madia containing 20 nM methotrexate (mtx) . 
individual wall, or clone, were assayed at confluence 
for sT4 axpraasion, and those selected for further 
amplification ware seeded into 24 well culture plate 
at tha densities described above. Selection at 800 nM 
atx in nuclaosida-free media was started 3 days after 
seeding. This selection procedure was repeated for 
selections at 8 mM mtx and 80 uM mtx. 
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Several cell lines vera derivad using this method which 
express soluble T4 at a miniaua of 3 pg/cell/24 hrs. 

Purification of sT4 : Conditioned medium (CM) was pre- 
5 pared serua-free from adherent call cultures expanded 

into 850 ca 2 rollar bottles undar atx selective condi- 
tions. At confluence, tha calls were vashad twice with 
phoephate buf farad salina (PBS) without Mg 2 + and Ca 2 * 
and the growth aediua (Haa's F12 without hypoxanthina 

1Q and thyaidine, 10% fatal bovine serua, 100 units/ml 

penicillin and straptoaycin and atx at tha salectiva 
concentration) was replaced with tha saaa aediua ainus 
serua and atx and plus l x ITS (insulin, transferrin 
and seleniua (Collaborative Research Inc.). After 24- 

15 48 hra " th * m««*iua was removed and replaced with se- 

lective growth aediua. Serua- free aediua was then 
reapplied within 3-5 days and this cycle repeated in- 
definitely, i.e., for aore than two aonths. CM was 
clarified by cantrifugation at 8,000 x g. A protease 

20 inhibitor PMSF (phenylaethylsulfonylf luoride) was add- 

•d to 0.3 aM and tha CM was concentrated about 10-fold 
by pressure membrane filtration. This concentrated CM 
was clarified by centrifugation at 2000 x g and 
Aprotinin, protease inhibitor (Sigaa Cheaical, St. 

25 LouA- ' Missouri) was added to a final concentration of 

S pg/al . Ths saaple was processed directly or after 
storage at -70"C. 
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Tha concentrated CM saaple was diluted 2-fold with 50 
nM MZS [2-(N-aorpholino) -ethanesulfonic acid], pH 6.0 
and filtered through a 0.4 5 micron filter. The saaple 
was then treated with 100 »m pAPMSF (p-aaidinophenyl- 
methylsulfonyl fluoride) (CalBiochea-Behring, San Diego, 
California) and applied to a S-Sepharoae* (Sulpho-pro- 
pyl) ( Pharmacia P-L Biocheaicals, Piscataway, New Jar- 
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a«y) column equilibrated in 50 mM KZS. pH 6.0 at a 
protein concentration of 1.5-2.0 mq/ml gel. The safflple 
was eluted using a linear gradient of 0-0.5 M NaCl < n 
50 mM MZS, P H 6.0. Pea* fractions which eluted l'z 
5 approxiaataly 0.2 M NaCl were poolad and traated with 

PAFMSF to 100 mM. Fraction, containing »T4 w, r . con- 
firmed by SDS-PAGE and iaaunoblot assays. Aftar sit- 
ting at 4-C for 1 hour the saaple was dialyzad against 
50 mM Bi.-Tris propane U. 3-bis ( tris-<hydroxyaethyl) - 
10 methyl amino ] propane ] , pH 6.0. 

The sample was traatad with 100 uti pXPHST and 0.1% thi - 
diglycoi, P H 9.0 was then appliad to a Q-Sepharo.a- 
( quart amary amino athyl) column (PhariDacia) (5 ml 
saapl./al gal) aquilibratad in 50 mM Bis-Tris propane 
(BTF), P H 9.0. The sT4 saaple do*s not bind to the Q- 
Sepharose* and was racovar.d in the unbound fraction 
and coluan wash. Tha unbound saapla was iaaadiataly 
adjust ad to pH 6.0. 



Tha final stap was chromatography on a 30 micron Supe- 
ro.a« 12 coluan (2.5 x 46 ca) (Pharmacia) aquilibratad 
in 50 mM phoaphata, 0.15 M NaCl pH 7.0. Tha coluan w*s 
run at a flow rata of 3.0 ml/min. Tan ml injections 
vaxsj made and tha 42 minute peaJc was collected batch- 
visa). Tha process yielded approxiaately l.o mg of 
product par 20. 0 ag of total protein for a cell line 
producing approximately 3 pg/cell/day. 
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Charactari2ation of tha sT4 

Physical Propartlas: Total protain concantration vas 
datarminad using tha colormatric BCA protain assay 
5 (Bicinchoninic Acid, Piarca Chamical Co., Rocxford, 
Illinoia) . Absoluts concantrationa vara datarminad by 
quantitiativa amino acid analyaia. Tha maasurad amino 
acid compoaition of tha purified sT4 vaa parformad 
using standard amino acid analysis tachniquas and vas 
1(J found to agraa vith tha pradictad saquanca for tha 
molacula to within axparimantal arror (*/- 15%). 
Through tha first 20 rasiduas tha saquanca vas as pral 

dictad axcapt that it bag ins lya-lya-val-val . 

Thum, tha matura amino tarminua bag ins at poaition +2 
15 Witn r «»P«ct to tha pradictad laadar clip sita and dif- 
fars from tha pradictad saquanca at that poaition by an 
aan to lys changa. Tha position of tha matura amino 
tarminua agraaa wall vith tha datarminad tarmini of tha 
mousa and shaap CD4 protains. Tha aan to lys changa may 
20 raprasant a saquancing arror (singia basa changa) or a 
mutation which aroaa during racombinant procaduras. 

Immuno-apitopaa: Tha monoclonal antibodiaa 0KT4 and 
OKT4A- racogniza non-intarf aring surfaca apitopas of tha 
25 T4 r * c «P*or (114). Thasa antibodiaa ara spacific for 
tha) nativa conformation in that thay will not bind to 
raducad, SDS danaturad protain in immuno-blot aaaays. 
It vaa shown that both antibodiaa spacifically pracipi- 
tata sT4 from 35 S-labalad cultura suparaatants using 
tha following immunopracipitation procadura: 
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Culturas of sT4 -producing calls containing l x lo 6 
calls par 60 mm cultura dish vara labalad for 16 hours 
at 37 *c in 1.5 ml mathionina and cystaina fraa F12 
madiua c ntaining ITS, and 170 „Ci/«l [ 35 S]mathi nina 
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and 30 „Ci/al [ 35 S]cysteine ccn Biomedicals, 
Costa Mesa, California). Clarified medium (100 u l) vas 
diluted with an equal voluae of precipitation buffer 
(10 aM sodium phosphate pH 7.5, ioo mM NaCi, 0.1% NP- 
5 40«, 0.5% non-fat dry ail)c) and incubated with 3 \ q 

rabbit igc for 15 ain. at 4'C followed by 30 M l (packed 
volume) of protein A sepharo.e beads (Pharmacia p-l 
Biochemical,) for 30 ain. at 4'C. The pr.cl.ar.d su- 
pernatant wa, incubated with 5 *g of OKT4, OKT4A and 
10 OKT8 (gift of P. Rao, ortho Pharaaceuticals Corp 

Raritan, New Jersey), mouse igc (Cooper Bioaedical', 
Malvern, Pennsylvania)-, or rabbit o-mouse Igc (Cooper 
Biomedical) for 30 ain at 4-c. OKT4, OKT4A. okts, 
mouse igc, and rabbit a-aouse Igc were precipitated by 
i5 incubation with 20 „1 (packed volume) of protein A 

sepharose beads for 30 ain. at 4'C. Following precipi- 
tation, the beads were washed twice with 200 „1 precip- 
itation buffer and once with 200 „1 precipitation buff- 
er ainu. HP-40* and non-fat dry ailk. The washed beads 
x were boiled for 5 ain. in 20 „i sample buffer (125 aM 

Tris-HCl P H 6.8, 20% glycerol, 1.4 M *-».rcaptoe- 
thanol), and the supematanta were analyted by elec- 
trophoresis on a 12.5% SDS-polyacrylanide gel. Siailar 
results were obtained with 0KT4B, 0KT4C, OKT4D, 0KT4E, 
25 OKT4F and other Mabs specific for T4. These results 

suggemt that the conforaation of sT4 accurately aiaics 
th« surface domain of the T4 receptor. 

To determine whether sT4 can associate with HIV gpi20 
and whether this association can inhibit the binding of 
HTV to T4 cells, approxiaately 5 micrograms of purified 
ST4 were absorbed to Sepharose beads coated with 0KT4 
or control antibody. The beads were then aixed with a 
lysate of 35 S-aethionine labeled HIV. The coaplex of 
sT4 with OKT4 coprecipitates only the 120 kd envelope 
glyeopr tein. No viral pr teina are precipitated by 
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0KT4 beads in the absence of sT4 or in the presence - 
control supematants from the untransf acted CHO cells* 
Furthermore, viral protein is not precipitated ^ 
Sepharose beads coated with control mouse immunoglo- 
bulin (isotypa matched to OKT4) are incubated with sT4 
The.a studies indicate that the sT4 obtained, which is 
frea of other cell surface components present on the 
surface of T lymphocytes, i, capable of specifically 
associating with the envelop, glycoprotein of the AIDS 



virus. 



Cytofluorometry was performed to demonstrate that the 
infraction of T4 with gpi20 of intact HIV abolish.s 
the binding of AIDS virus to tha surfaca of T4* calls. 
T4 CEM calls wara axposad to HIV in tha presance or 
absence of sT4. Following viral absorption, tha cells 
wara washed, axposad to fluora.cein conjugated anti-HIV 
antibody, and analyzed by flow cytometry (Figure 17) 
(48). m tha absanca of sT4, HIV bind, efficiently to 
T4 CZM calls. if HIV is praincubatad with sT4, the 
binding of virus to T4+ call. i. abolished (Figure 17) . 
Tan nanogram, of purified .T4 is sufficient to inhibit 
the binding of loo nanograms of viral protein. If the 
•nvelop* glycoprotein comprises 5% of the total viral 
profin, an estimated a 5:1 molar ratio of T4 to gpi2 0 
i« capable of complete inhibition of HIV binding to T4* 
cell.. 



The ability of sT4 to inhibit the infection of T4* 
x cell, by HIV wa. al.o studied. Phytohemagglutinin- 

stimulated human lymphocytes were exposed to serial 
ten-fold dilution, of an HIV inoculum in the presence 
or absence of sT4 , washed, and plated in microculture. 
The frequency of infected cultures was determined using 
M an immunoassay 4.8 and 12 days after exp sure t viru. 
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(47). i n this manner the infectious virus titer, ID-so 
is defined as the reciprocal of the dilution required 
to infect 50% of the exposed cell cultures at day 15. 
In the absence of sT4, the ID-50 observed with the 
g viral inoculum is approximately io 5 . However, in the 
presence of 8 micrograms/ml of purified soluble T4 , the 
infectively is diminished by almost 4 log. to an ^D-so 
of 10 ' (Figure 18). This dramatic reduction in in- 
activity by HIV is observed throughout the entire 
10 course of infection. A. a control for nonspecific 
inhibition or toxic effects of ,T4, sT4 was added to 
cultures 18 hours after the initial exposure to virus 
Culture, exposed to sT4 18 hour, after infection show 
only a 1 log inhibition in th. ID-50 which pre.umably 
re.ult. from inhibition of viru. spread following the 
initial inoculation. Thu., th. 4 log reduction in 
viru. inf.ctivity observed wh.n viru. i» pr.incubat.d 
with .T4 i. likely to re.ult from th. specific associa- 
tion of sT4 with gpl20 on th. surfac. of viru.. These 
particle, are th.r.for. no longer capable of interact- 
ing with th. T4 receptor on th. c.ll surfac. Four 
log. of inhibition were ob..rv.d when io 5 infectious 
particle./ml are pr.incubat.d with 8 microgram./ml of 
sT4. fh. viral preparation, of io 5 infectiou. parti- 
cl../«l war. estimated to contain 10 9 particle./ml. If 
each particl. contain. 1,000 envelope glycoproteins, 
the» th. inhibition is obtained at a ratio of loo T4 
aol.cul.s/mol.cule of envelop, protein. 
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Th. availability of r.lativ.ly large quantities of 
structurally intact sT4 facilitates th. study of the 
aachanism of interaction, of T4 with th. surface f 
both antigen-presenting c.ll. a. well a. with HIV vi- 
ru.. Th. specificity of interaction of T4* h.lp.r 
c.ll. with antig.n-presenting c.ll. (B c.ll. and aacr - 
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phag.a) aay mult, at least in part, froa tha associa- 
tion of T4 with class II MHC molaculas (105, 106) . Tha 
availability of significant aaounta of purifi.d sT4 
peraits a dirsct daaonstration of a physical associa- 
5 tion b«tv«* n T4 and class II MHC molsculas. 

Th. ability of »T4 to bind gpi 2 0 and inhibit viral 
mfction In vitro indicaf. that «T4 is an .ff.ctiv. 
anti-viral ag«nt for treating AIDS patianta. 
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Example 4: Production of Soluble V1.V2J4 Soluble t-< 
Fragments 



Construction of Vectors 

Construction of o sT4 BBVIDHFR : To create plasmid psT4B- 
BVIDHFR. plasmid pST4DHFR (described in example 3) was 
cut with EcoRI and Xbal and the smaller fragment con- 
taining the sT-4 coding region was deleted. Plasmid 
sT4sal was cut with Xbal and Bbvl and a 1120 base pair 
coding fragment containing the sequence for soluble T- 
4 minus the leader region was isolated. This fragment 
was ligated to the EcoRI/Xbal-cut pST4 DHFR , using a 
synthetic linJcer with an EcoRI end, a Kpnl site, and a 
Bbvl end. This fragment is compatible with the Bbvl 
overhang on the sT-4 fragment isolated above. The 
resulting plasmid was called pST4 BBVIDHFR. 

Construction of OMPAST4 : To create plasmid 0MPAST4, 
plasuid OKPA.GS was digested with Ncol and Sail and the 
smaller fragment containing the linker region was de- 
leted. OMPA.GS is a derivative of pASI (Rosenberg et 
al -» Meth. Enzvmol. ioi;i2 3 (1983); U.S. Patent 4,578,- 
355) having a synthetic sequence inserted into the Ndel 
site at the 3' end of the ell ribosome binding se- 
quence;. The synthetic sequence comprises the OMPA 
le*d«r followed by a multiliner sequence. The synthet- 
ic sequence was substantialy as follows: 

5' -T ATC AAA AAG ACA GCT ATC GCG ATT GCA GTG GCA CTG 
GCT GGT TTC GCT ACC GTA GCG CAG GCC GGC TCT AGA GTC GAC 
CTA GTT AAC TAG- 3' 
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Plasmid pUCsT4 was cut with Nc I and Sail and the 1149 
base pair fragment containing SCD-4 sequence (T-4 
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nucleotides 124-1257) was isolated. This fragment was 

ligated to the Ncol/Sall cut OMPA.GS to create OMPAST4 . 

Construct ion of OMPAST4Bbvl : To create plasmid OMPAS- 
T4Bbvl, plasmid OMPAST4 was cut with Nael and XBal. 
5 The smaller fragment resulting from this cut, contain- 

ing the sT-4 coding region was deleted. Plasmid 
ST4BBVIDHFR was cut with Kpnl and the resulting 3' 
overhang was blunt ended with T4 DNA polymerase. The 
blunt ended DNA was then cut with XBal and the 112 4 
base pair fragment containing the nucleotides 145-1257 
of the CT4 cDNA was isolated. The isolated fragment 
was ligated to the Nael/Xbal cut OMPAST4 plasmid to 
create plasmid OMPASTI 4 BbVI . 
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Construction of pucGT4184 : To created plasmid pucSt- 
4184, an EcoRI -Nhel fragment from ths T-4 cONA [a 682 
bp fragment encoding aminoacids (-23) to (+178)] was 
ligated to the synthetic linker SX727/725 (Nhel and 
Aval ends) at ths Nhel site. slc727/725 codes for T-4 
amino acids 179-185) . The Aval end of s)c727/725 was 
ligated to an AvaX-Xba 1 fragment of pUcST4 (comprising 
bp 1198-1257 of ths human cDNA and encoding amino acids 
351-369 of ths T-4 receptor followed by a TAA termina- 
tion codon) . This sequence, which is flanked by EcoRI 
and Xbal ends, was inserted into pUC19 at ths EcoRI and 
Xbm 1 ends in ths puCl9 polylinkar (slc727/725) . s)c727- 
/725 is substantially as follows: 

5 ' gaccagaaggaggaggtgcaattgctagtgttcggattgactgccaac 3 ' 
°Ttcttcctcctccacgttaacgatcacaagcctaactgacggttgagc 5 ' 

Constru ction of pucST4106 ; To create plasmid pucST- 
4106, an EcoRI -Ava II fragment (comprising bp 1-413, 
and encoding amin acids (-) 25-87) of ths T-4 cDNA was 
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joined to the synthetic linker sk79i/792 (Ava :i-Ava: 
ends) at the Avail site. sk791-792 codes for T-4 aair.c 
acids 88-104. The Aval end of sk791/792 was ligated to 
an Aval-Xbal fragment of pucST4 (comprising bp 1193- 
12S7 of the human cONA, and encoding amino acids 351- 
3 69 of the T-4 receptor followed by a TAA termination 
codon) . This sequence, which is flanked by EcoRI and 
Xbal, ends was inserted into pUC19 at the EcoRI and 
Xbal ends in the puC19 polylinker. sk791/792 is sub- 
stantially as follows: 

5 ' gaccagaaggaggaggtgcaattgctagtgttcggattgactgccaac 

gtcttcctcctccacgttaacgatcacaagcctaactgacggttgagc 5 ' 

Construction of ST4184DHFR : To create plasmid sT41- 
84.DHFR, an EcoRI -Xbal fragment of pucST4184 (encoding 
amino acids -25 to 183 fused to 355 to 373) was ligat- 
ed to the EcoRI and Xbal ends of psT4DHFR in place of 
the EcoRI-Xbal fragment encoding sT-4 . 

Construction of ST4106DHFR : To create plasmid ST4106.- 
DHFR an EcoRI-Xbal fragment of pucST4106 (encoding 
amino acids -23 to 106 fused to 3 51 to 3 69) was ligated 
to the EcoRI and Xbal ends of psT4DHFR in place of the 
EcoRI -Xba 1 fragment encoding sT-4. 

^"""ion of PST4184DHFR in Chinese Hamster Ovary 
(CHOI cells : 

DXB-11 cells, a DHFR deficient CHO cell line (Urlaub, 
•t al., supra ) were transf acted by calcium phosphate 
precipitation with 10 to 30 M g of pST-4184DHFR in the 
presence of 10 *g carrier DNA (NIH-3T3 genomic DNA) , one 
day after seeding 60 mm dishes with 5 x 10 5 cells. 
Precipitates were removed after 6 hrs. and replaced 
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with F12 medium without hypcxanthina or thymidine 
containing 10% dialyz.d fatal bovin. s.rum. colonic 
(approxiaatl.y 100 par dish) app.ar.d in 16 days 
Colonia. from each dish wara pooled, axpand.d and than 

Plat... Th.sa call, war. grown in nucl.oaida fra. 
-daa containing 80 nM m.thotr.x.t. (atx) to s.l.cr for 

V1V2J4 aanigana. Aft.r two w.aica in 8 nM atx, actively 
10 growing calls war. cl.arly visible. Individual walll 

^. d°.lV,r r * "" y * d ^ C ° nflU — expression of 

-piifi *vr autants and ^ a#iect - d f ° r fU ~»~ 

IT tnl T T 9# * d-d int ° 24 V#11 CUlt ^ PI-*- 

at the density da.crib.d abova. A nuab#r of subpopu . 

15 lationa which axprassad high laval. 0 £ V1V2J4 war. 

amplification of tha dhfr transcription unit and tha 
T4184«(V1V2-J4) minigene. 

which axpras... tha d.l.tion autants in amounts of at 
least about 2 pg/call/24 hrs. 

Conditioned aedium (CM, was praparad serum- fr.e froa 
25 adherent call cultures axpandad into 850 ca 2 rollar 

bow. under mtx salactiva conditions. At confluence, 
tha call, vara wa.had twica with pho.phata buff.rad 
••line (PBS) without Mg 2+ and Ca 2 * and tha growth a.di- 
u» (Ham's F 12 without hypoxanthina and thymidine. 10% 
3Q fatal bovina s.rui, 100 units/al penicillin and strep- 
toaycin and atx at tha salactiva concentration) was 
raplaead with tha saaa aadiuo minus serum and atx and 
Plua 1 x ITS (insulin, transferrin and selenium (Col- 
lab rativ. Research Inc.). After 24-48 hrs. the m dium 
35 waa rem ved and replaced with selective gr wth a dium. 
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Serum-free medium was than reapplied within 3-5 cays 
and this cycle repeated indefinitely, i.e., for sore 
than tvo months. CM was clarified by centrifugation at 
8,000 x g. a protease inhibitor PMSF (ph.nylmethyl- 
sulfonylfluoride) was added to 0.5 mM and the CM was 
concentrated about lOx fold by pressure membrane fil- 
tration. This concentrated CM was clairified by cen- 
trifugation at 2000 x q and Aprotinin, protease inhibi- 
tor, (Sigma Chemical, St. Louis, Missouri) was added to 
a final concentration of 5 „g/ml. T h. sample was pro- 
cessed directly or after storage at -70«C. 



Western Blot Analysis : Conditioned media from V1V2J4 
producing CHO cells was concentrated and run on a 15% 
polyacrylamide reducing gel. Protein was transferred 
to nitrocellulose paper and probed with polyclonal 
antisera raised against a denatured E. coll derived T- 
4-NSI fusion molecule. This antisera specifically 
recognize, a V1V2J4 doublet migrating at approximately 
25 Kd. This corresponds to the predicted size of the 
V1V2J4 coding sequence after leader processing. The 
physical basis for the doublet is not known. it is not 
likely to result froa the differences in N-linked gly- 
cosylation, sine* the two consensus sequences in T-4 
for this glycosylation are not present in V1V2J4. 



laanino-eEitgpes ; The monoclonal antibodies OKT-4 and 
OKT-4A, OKT4B, OKT4C, OKT4D, OKT4E and OKT4F specifi- 
cally recognize surface epitopes on the native, mem- 
brane bound T-4 receptor (Rao, et al.. Cell Immunol. 
80:310(1983)). These antibodies are specific for the 
native conformation in that they will not bind to re- 
duced, SDS-denatured protein in imauno-blot assays. It 
was shown that b th antib dies specifically precipitate 
35 V1V2J4 fr m S-lab lied cultur supematants using the 
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following imaunopracipitation procadura. 

Cultur.a of V1V2J4 producing call, containing i x 10 6 
calls p . r 60 M cultur. dish, v. r . lulled for 16 

5 T, T ° T " '° ^ ^ Mthionin « ™* cy.t.in. fr .. 

Fia m.dium containing ITS. and 170 „ci/ml [ 35 S]B . thio . 
nxn. a nd 30 „ ci/al ^^.^ (IQf ^ 

wr^r^T"' ? } * ciarifi - d — D wa, diiut.d 

wxth an .qual volum. of pr.cipitation buff. r 10m* so- 
1Q dxum Phcphat. PH 7.5, (100 »M M.C1 , 0.1% HP-40- 0 5% 

non-fat dry .nil*, and incubat.d with 3 „g rabbit IgG for 
13 min at 4-c follow* by 30,1 (paced volum.) of pro^ 
t.in A s.pharos. ba.d. (P„a»acia P- L Biochemical,) for 
30 min at 4-C. Th. pr.cl.arad sup.rnatant wa. Lcul 
15 bated wxth 3 „g of .ach of th. OKT4 antibodia. r.f.r- 
enced above, *ou.e ig G (Coop . r BioMdical# Malv#rn> 

. ° r raW9it —■««■• W (Coopar Biomedical) for 30 
at 4C Th. OKT4 antibodies, boum IgG, and rabbit 
.-mouse IgG w.r. pr.cipitat.d by incubation with 20 .1 

„ (packed volu»o> of prot.in A s.pharos. baad. for 30 

man at 4'C. Following pr.cipitation, th. b.ads war. 
washed tvic. with 200 ,1 pr.cipitation buff.r and one. 
with 200 Ml pr.cipit.tion buff.r minus NP-40* and non- 
fat dry milk. Th. washad baads war. boil.d for 5 min 

25 in 20 Ml tupl. buff.r (123 mM Tris-HCL pH 6.8, 20% 
glycerol, 1.4 M *-mercaptoethanol) , and th. 
wpornatant. w.r. analyzed by .l.ctrophor.si, on a 
12. 3% SDS-polyacrylamide g.l. wlth th# . xc .ption of 
0KT4, ..ch of th. monoclonal antibodias specifically 

w Pr.cipitat.d th. V1V2J4 from 35S-lab.ll.d cultur.d 
supernatant.. 

Comp.tltion of HIV binding : Th. r.cognition of V1V2J4 
by 0RT4A indicat d that V1V2J4 w uld inhibit th. bind- 
35. in * t AIDS virus t su.c.ptibl. ells. CM con- 
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taining or lacking V1V2J4 was used in the initial as- 
says. HlV^was incubated with the CM and virus binding 
tc the T-4* CEM cell line was guantitated by incuba- 
tion with a FITC conjugated, anti-HIV antibody and FACS 
(Fluorescein activated cell sorter) analysis as de- 
scribed by McDougal, et al.. supra (1985). CM from the 
V1V2J4 producing cell line inhibited HIV binding in a 
dilution dependent manner, whereas no response was seen 
with CM from matched non-producer (DXB-ll) cells. 

The protein V1J4 was similarly expressed in CHO cells. 
However, in these preliminary experiments, the protein 
apparently was not exported into the media. Based on 
other studies showing that VU4 produced in other re- 
combinant organisms binds OKT4A, it appears that VU4 
expressed in mammalian cell culture would inhibit HIV 
binding. 



20 



Example 5: Preparation of Ant j-Soluble T4 Fragment 
Antibodies 



Eight veeJc old Balb/c mice are injected intraperito- 
25 nsmlly with 50 micrograms of a purified soluble T4 

fragment of the present invention (prepared as de- 
scribed above) in complete Freund's adjuvant, 1:1 by 
volume. Mice are then boosted, at monthly intervals, 
with the soluble T4 fragment mixed with incomplete 
x Freund's adjuvant, and bled through the tail vein. 

Immunoglobulin cuts of sera are generated by ammonium 
sulfate precipitation and specific anti-soluble T4 
fragment antibodies are purfified by affinity chroma- 
tography using an imm bilized T4 fragment. 



35 
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Example 6: Preparat ion of Soluble T4 FraoTnar.t Anti- 
Idictvpic Antibodies 

Syngenic and congenic mice are injected intraperito- 
5 neally with 50 micrograms of a purified anti-soluble T4 
fragment antibody, of the present invention (prepared 
as described above) in complete Freund's adjuvant and 
boostad with the anti-soluble T4 fragment antibody in 
incomplete Freund's adjuvant monthly. on days 4, 3, 

10 and 2 prior to fusion, mice are boosted intravenously 
with 50 micrograms of immunoglobulin in salina. Splen- 
ocytes are then fused with P3X63 AG8.653 non-secreting 
myeloma cells according to procedures which have been 
described and are known in the art to which this inven- 

15 tion pertains. Two weeks later, hybridoma suparaatants 
are screened for binding activity against anti-soluble 
T4 fragment antibodies by radioimmunoassay. Positive 
clones are then assayed for the ability to bind a human 
immunodeficiency virus envelope glycoprotein and AIDS 

20 virus. Alternatively, using the "one-step" procedure, 
mice are injected intraparitoneally with a soluble T4 
fragment in complete Freund's adjuvant, boosted intra- 
venously with the soluble T4 fragmant in saline, and 
mica spleen calls fused with myelomas as above. Hy- 

25 bridoma suparaatants are than assayed directly for 
soluble T4 fragment anti-idiotypic antibodies. 



30 



WO 89/08143 



PCT/LS89/00762 



-103- 



REFEKENCES 

1 ' E * L - R «inharz et al . , "Discrete Stages o' 

Huaan Intrathyaic Differentiation: Analysis 
5 of Normal Thymocyte and LeuXeaic Lymphoblasts 

of T Cell Lineage", Proc. Natl. Acad. Sci 
USA 77: 1588-1592 (1980). 

2- E.L. Reinherz and S.F. Schlosaaan, "The Dif- 

10 ftwntiition and Function of Huaan T Lympho- 



3. 



4. 



6. 

30 



cytes", Cell 19: 821-827 (1980). 



M.L. Blue et al., "Coexpression of T4 and T8 

on Peripheral Blood T Cells Deaonstrated by 

15 Two-color Fluoroescence Flow Cytoaetry", j. 

laaunol. 134: 2281-2286 (1985) 



E.G. Engleaan et al., "Activation of Huaan T 
Lymphocyte subsets: Helper and Suppres- 
20 sor/Cytotoxic T Cells Recognize and Respond 

to Distinct Histocompatibility Antigens", J. 
laaunol. 127: 2124-2129 (1981) 



5» A.M. 

25 



Krensky et al., "Long-term Huaan Cyto- 
lytic T-cell Lines Allospecific for HLA-DR6 
Antigen Are OKT4+", Proc. Natl. Acad. Sci. 
USA 79: 2365-2369 (1982). 



S.C. Meuer, S.F. Schlossaan and E. Reinherz, 
"Clonal Analysis of Huaan Cytotoxic T Lympho- 
cytes T4 + and T8 + Effector T Cells Recognize 
Products of Different Major Histocoapatibili- 
ty Complex Regions", Proc. Natl. Acad. Sci. 
USA 79: 4395-4399 (1982). 



35 



WO 89/08143 




PCTA-S89/00762 



7 * W ' E « Biddison at al., "Possible Involve aen - 

of tha 0KT4 Molecule in T Call Recognition of 
Class II HLA Antigens", J. Ex p. M ed. 155 : 
1065-1076 (1982). 

5 

8. D.R. Wilde et al., "Evidence Implicating L3T4 

in Class II KHC Antigen Reactivity Monoclonal 
Antibody GK 15 (Anti-L3T4) Blocks Class II 
MHC Antigen-Specific Proliferation, Release 
10 of Ly»Pho^ines and Binding by Cloned Murine 

Helper T Lymphocyte Lines", j. iamunol. 13 i t 
2178-2183 (1983). 



9. 

IS 



11. 

25 



S.L. Swain, "T Cell Subsets and the Recogni- 
tion of MHC Class". Immunol. Rev. 74: 129-142 
(1983) . 



10. y. Thomas et al., "Functional Analysis of 

Human T Cell Subsets Defined by Monoclonal 
2Q Antibodies. IV. Induction of Suppressor Cells 

Within tha 0KT4* Population", J. Exp. Med. 
154: 459-467 (1981). 



E.G. Engleman at al., "Antibodies to Membrane 
Structures that Distinguish Suppressor/Cyto- 
toxic and Helper T Lymphocyte Subpopulations 
Block the Mixed Leukocyte Reaction in Man", 
J. Exp. Med. 154: 193-198 (1981). 

30 12 * p - Marrack et al., "Tha Major Histocompati- 

bility Complex-restricted Antigen Receptor on 
T Cells. II. Role of tha L3T4 Product", J. 
Exp. Med. 158: 1077-1091 (1983). 



35 



# 



PCT/USS9/00762 
-105- 



L. Rogozinski et al . , "The T4 Surface Antigen 
is Involved in the Induction of Helper Func- 
tion", J. laaunol. 122: 735-739 (1984). 

S.L. Swain, "Significance of Lyt Phenotypes: 
Lyt2 Antibodies Block Activities of t Cells 
that Recognize Class I Major Histocompatibil- 
ity Complex Antigens Regardless of Their Fun- 
ction", Proc. Natl. Acad. Sci. USA 78: 7101- 
7105 (1981). 

U. Landegren et al., "Selective Inhibition of 
Hunan T Cell Cytotoxicity at Levels of Target 
Recognition of Initiation of Lysis by Mon - 
clonal OKT3 and Leu-2a Antibodies", j. Exp. 
Med. 155: 1579-1584 (1982). 

R.M. Zinkeraagel and P.c. Doharty, "MHC-re- 
stricted Cytotoxic T Cells: Studies on the 
Biological Role of Polymorphic Major Trans- 
plantation Antigens Dateraining T Cell Re- 
striction, Specificity , Function, and Resp n- 
siveness", Adv. Immunol. 27: 52-177 (1979) . 

J. Kappler at al., "Tha Major Histocompati- 
bility Complex-Restricted Antigen Receptor on 
T Calls in Mouse and Man: Identification of 
Constant and Variable Peptides", Cell 35: 
295-302 (1983-). 



0. Acuto et al., "The Human T Call Receptor: 
Appearance in Ontogeny and Biochemical Rela- 
ti nship of Alpha and Beta Sub units on IL-2 
Dependent ci nes and T Call Tumors", Call 
34: 717-726 (1983). 



PCT/US89/00762 
-106- 



P. Kavathas et al., * laolmzion of ^ 
Coding for th. Human T Lymphocyte Antigen 
X— 3 (T8, by can. Transfer and cDNA Subtr J c _ 
tion", Proc. Natl. Acad. sci. USA 81: 7688- 
7692 (1984). — 688 

D.R. Littman et al., »Th. Isolation and s- 
Wnc. or the Cen. Encoding T8: A Molecule 
Defining Functional Classes of T Lymphocy- 
te" . Cell 40: 23 7-246 ( 1985) . 

ation Antigen Leu-2/T8 is Homologous to Im- 
munoglobulin and T cell Receptor Variable 
Ragions-, cell 40: 591-597 (1985). 

S^M Fri.dm. ft et al., -or-CLL: A Human T 
Call Chrome Lymphocytic LeuJcemia That Pro- 
duce. il-2 in High Titer", J. j^, 128: 
935-940 (1982). 

D.A. Thurl.y-Lawon, L. Ch.s. and J. L . stro- 
-ing.r, "Suppr.s.ion of in Vitro Epst.in-Barr 
Infection: . A New Role for Adult Human 
Clls", J. Exp. Med. 146: 495-508 (1977). 



T 



J.W. coding, "The Chromic Chloride Method of 
Coupling Antigen, to Erythrocytes: Defini- 
tion of som. important Parameters", j. Ia - 
munol. Methods 10: 61-66 (1976). 

F.L. Graham and A.J. van der Eb, "A New Tech- 
nique f r th. As.ay of Inactivity of Human 
Ad.n viru. DMA", Virology 52: 456-467 (1973) 



5 

27, 



WO 89/08143 PCT/US89/00762 

-107- 

26. M . Wigl.r et al. f "Biochemical Transfer of 

Single-Copy Eucaryotic Genes Using Total Cel- 
lular DNA as Donor", Call 14: 725-731 (197 8 ). 

M. Wigl.r at al., "Transfer of Purified Her- 
pa* Virus Thymidine Kinase Gene to Cul-tured 
Mouse Cells", Cell 11: 223-232 (1977). 

10 28 * J * M ' Cnir 9vi« «t al., "Isolation of Biologi- 

cally Active Ribonucleic Acid from sources 
Enriched in Ribonuclease" , Biochemistry 18- 
5294-5299 (1979). ~~ 

15 29 * H * Aviv P- L«der, "Purification of Bio- 

logically Active Globin Messenger rwa by 
Chromatography on Oligothymidylic Acid-Cellu- 

lMi "' ProC « Ma *l. Acad. Sci. USA 69: 1408- 
1412 (1972). 

20 

30 * T ' Huvn n» R.A. Young and R.w. Davis, "Con- 

struction and Screening cDNA Libraries in 
gtlO and gtll-, DNA Cloning Technic* - i 
Practical Approach. D. M. Glover, ed. (Oxford: 
25 1RL **••■») , in press. 



31. 



30 

32. 



T. Maniatis et al. f "The Isolation of Struc- 
tural Canes from Libraries of Eucaryotic 
DNA", Cell 15: 687-701 (1978). 

M.M. Davis et al . , "Cell-Typa-Spacif ic cDNA 
Probes and tha Murine I Region: the Local- 
ization and Orientati n of A d Alpha". Proc. 
Natl. Acad. Sci. USA 81: 2194-2198 (1984). 



35 



PCT/US89/00762 



■108- 



T. Maniatis, E.F. Fritch and j. Saabroo* 
Molecular Cloning (Cold Spring Harbor, ny.' 
Cold Spring Harbor Laboratory) (1982). 

P.W.j. Rigby et al>f HLab . ling D#oxyribo . 
nucleic Acid to High Specific Activity in 
Vitro by Nic* Translation with DNA Polym.^,. 
I", J. Mol. Biol. 113: 237-251 (1977). 

J. Vi.ira and J. Messing, "The P UC Plasmids 
an M13mp7-Derived Sy,t. a for Insertion Mutal 
genesis and Sequencing with Synthetic Univer- 
sal Primers-, Gene 19: 259-268 (1982). 

F. Sanger, S. Niclclen and A. Coulaon, -DNA 
Sequencing with Chain-Terainating inhibi- 
tors", Proc. Natl. Acad. sci. USA 74: 5463- 
3467 (1977). 

E. Southern, -Detection of Specific Sequences 
Aaong DNA Fragments Separated by Gel Electro- 
phoresis", J. Mol. Biol. 98: 503-517 (1975). 

CM. Church and W. Gilbert. "Genomic 'sequenc- 
ing", Proc. Natl. Acad. sci. USA 81: 1991- 
1995 (1984). 

R.H. Scheller et al., -a Family of Genes that 
Codes for ELH, a Neuropeptide Eliciting a 
Stereotyped Pattern of Behavior in Aplysia", 
Cell 2_8: 707-719 (1982). 

K. zinn, D. DiMaio and T. Maniatis, "Identi- 
fication of Two Distinct Reguiat ry Regions 
Adjacent to the Human Beta-Interfer n Gene", 



PCT/LS89/00762 



-109- 

Cell 34: 865-879 (1983). 

C. Terhorst at al., "Further Structural stad- 
ias of the Heavy chain of HLA Antigens and 
Its Similarity to Immunoglobulins", Proc. 
Natl. Acad. Sci. USA 74: 4002-4006 (1977). 

J. A. Hedo, L.C. Harrison and J. Roth, "Bind- 
ing of Insulin Receptors to Lectins: Evi- 
dence for Common Carbohydrate Determinants on 
Several Membrane Receptors", Biochemistry 20: 
3385-3393 (1981). 

U.K. Laemali, "Cleavage of Structural Pro- 
teins During the Assembly of the Head of Bac- 
teriophage T4", Nature 227: 680-685 (1970). 

R. Mann, R.c. Mulligan, and D. Baltimore, 
Construction of a retrovirus packaging mutant 
and its use to produce helper- free defective 
retrovirus, Cell 33, 153-159 (1983). 

P. Barre-Sinoussi,et al., Isolation of a T 
lyaphotropic retrovirus from a patient at 
risJc for acquired immune deficiecny syndrome 
(AIDS), Science 220 . 868-871 (1983). 

J.S. McDougal, et al . , Cellular tropism of 
the human retrovirus HTLV-III/LAV. I. Role of 
T cell activation and expression of the T4 
antigen, J. Immol. 125, 3151-3162 (1985). 

J.S. McDougal, et al., Immunoassay for the 
detection and quantitati n of infecti us 
human r trovirus, lymphaden pathy-assoicated 



PCT/US89/00762 



-110- 



virus (LAV), j. laaunol. Math. 7_s, 17:. la , 
(1985). 



J.S. McDougal, et al., Binding of K TLV- 
III/LAV to T4* T calls by a complax of the 
110X viral protain and the T4 nolecula. Sci- 
ence 231, 382-385 (1986). 

C.B. Raimar. , t al<# Standardization of 
ligand binding assays for alpha-fetoprotein. 
In Immunofluorescence and R.latad Staining 
Techniques, w. , Knapp, K. Holubar, and G . 
Wick, «ds. (A*stardam:Elseviar/North Holland 
Prasa) p. 189 (1978). 

M.B. Wilson and P.k. Nakane, Recant davaiop- 
mmatm in tha pariodate mathod of conjugating 
horsaradi.h peroxidase (HRPO) to antibodies. 
In Immunofluorescence and Ralating Staining 
Tachniquas, w. Rnapp, K. Holubar, and c. 
Wick, ads. (Amatardam: Elsevier/North Holland 
Prasa) , p. 215 (1978) . 



J. Porath, R. Axan, and S. Ermback, Chemical 
coupling of protaina to agar, Nature 215 . 
1491-1493 (1967). 

B.J. Poiasz, at al., Dataction and isolation 
of typa C ratrovirus particles from frash and 
cultured lymphocytea of a patient with cuta- 
neous T call lymphoma. Proc; Natl. Acd. Aci. 
USA 7_7, 7415-7419 (1980). 



P. Clapham, k. Nagy, and ft. a. Weiss, P eudo- 
typas f human T-c 11 virua typaa 1 and 2: 




WO 89/08143 W W PCT/US89/00762 

-111- 



Neutralization by pateints' sera. Proc . Nat - 
Acad. Sci. USA 81, 2886-2889 (1984). 

54. A.G. Dalgl.ish, at al., Th. CD4 (T4) antigen 

5 13 an essential component of the receptor -or 

the AIDS retrovirus, Nature 312, 763-^66 
(1984). 

55. „. Popovic, et al.. Detection, isolation, and 
10 continuous production of cytopathic retor- 

viru.es (HTLV-iii, froB patient , w . tn AIDs 
and Pre-AIDS, Science 224, 497-500 (1984) 



56, 

15 



X. Nagy, et al., Human T-c.ll leukemia virus 
typ. 1: induction of sycytia and inhibition 
by patients' ,e ra , i„ t . j. cancer 32, 321-328 
(1983). 

57. D.M. Neville and H. Clemen, Molecular 

20 weight determination of membrane protein and 

glycoprotein subunit. by discontinuous gel 
•lectrophoresi. in dodecyl sulfate, Methods 
Enzymol. 32, 92-102 (1974). 

25 5 * # A - ■•*«>iu« i «t al., on th. entry of Semlilci 

Forest virus into BHK-21 cells, J. cell. 
Biol. 84, 404-420 (1980). 

59. R.D. Cone and R.C. Mulligan, High-efficiency 

30 9«n« transfer into mammalian cells: Genera- 

tion of helper-free recombinant retroviruses 
with broad mammalian host rang., Pr oc. Natl. 
Acad. Sci. USA 81, 6349-6353 (1984). 



35 



# 




WO 89/08143 PCT/LS89/00762 

-112- 

60. F.W. Alt et al., "Probes for Specific aRNAs 

by Subtractive Hybridization: Anomalous Ex- 
pression of Iaaunoglobulin Genes", in Eucarv- 
otic Gen e Regulation . R.Axel, T.Maniatis and 
5 C.F. Fox, eds. (New York: Academic Press), 

pp. 407-419 (1979) . 

61 * M - KozaJc, "Comparison of Initiation of Pro- 

tein Synthesis in Procaryotas, Eucaryotes and 
10 Organelles", Microbiol. Rev. 47: 1-45 (1983). 

62 • L « Hood, M. Kronenberg and T. HunJcapiller , "T 

Cell Antigen Receptors and the Immunoglobulin 
Supergene Family", Cell 40: 225-229 (1985). 

15 

63 • s « Tonegawa, "Somatic Generation of Antibody 

Diversity", Nature 302: 575-581 (1983). 



20 



25 



30 



35 



64 ' J - Ky*« and R.F. Doolittle, "A Simple Method 

for Displaying the Hydropathic Character of a 
Protein", J. Mol. Biol. 157 : 105-132 (1982). 

65 • 6. von Heijne, "Patterns of Amino Acids Near 

Signal-Sequence Cleavage Sites", Eur. J. Bio- 
che». 133 : 17-21 (1983). 

I. A. Kabat et al., "Sequences of Proteins of 
Immunological Interest" (Washington, D.C.; 
U.S. Department of Health and Human Ser-vic- 
•S) , p. 281 (1983) . 

67 • A.F. Williams et al., "Cell Surface Glyco- 

proteins and the origins of Immunity", In the 
Proceedings of the Sigrid Juselius Sym-p sl- 
um, L.C. Andersson, C.G. Gahmberg and P. 



WO 89/08143 ^ PCT/L S89/00762 

-113- 

Ekblom, eds. (New York: Academic Press), ln 
press (1984). 

68. L.M. Ainzel and R.J. PoljaJc, "Three-Diaension- 
5 al Structure of Immunoglobulins" , Ann. R«v. 

Blochem. 48: 961-997 (1979). 

69. P ' Y - Cnou and G-D- Gasman, -Empirical Predic- 
tions of Protein Conformation-, Ann. Rsv. 

10 Biochea. 47: 251-276 (1978). 

70. p.j. Maddon, «t al . , The isolation and nu- 
cleotide sequence of a cDNA encoding ths T 
cell surface protein T4: a new member of the 
immunoglobulin gene family, cell 42, 93-104 
(1985) . 

R.A. Adaas, A. Flowars and B.J. Davis, Direct 
iaplantation and ssrial transplatation of 
huaan acute lymphoblastic leuXeaia in ham- 
sters, SB-2, Can. Res. 2B± 1121-1125 (1968). 

72. g.O. Gey, W.D. Coffaan and M.T. KubiceX, 
Tissue culture studies of the proliferative 
capacity of cervical carcinoma and normal 
epitheliua. Cancer Res. 12, 264-265 (1952). 

73. R.J.V. Pulvertaft, Cytology of Burkitt's 
tuaor (African lymphoma), Lancet I, 238-240 
(1964) . 



15 



20 



25 



30 



71. 



74 



N.J. Dimmock, Initial stages of infection 
with animal viruses, J. Gen. Virol. 59, 1-22 
(1982). 



35 



WO 89/08143 




PCT/VS89/00762 



73. j. whit., M. Kielian and A . H.l.nius, „.»- 

bran, fusion proteins of env.lop.d anaaal 
virus.s, Quart. Rev. Biophys. is, lSl-195 



5 

76. 



10 77 



IS 



79. 

25 

80. 



30 

81. 



(1983) . 



M. Marsh, Th. .ntry of env.lop.d viruses into 
cells by .ndocytosis, Bioch.n. J. 218 ,. 10 
(1984). ' ' 

M. Ki.lian and A. H.l.nius, Entry of alpha- 
virus.s. m th. Togavirida. and Flaviviri- 
da., s. Schl.sing.r and M.J . Schl.sing.r, 
•ds., (Pl.nua Publishing Corp.), pp. 91-119 
(1986) . 

78. S. OhJcuaa, and B. Pool., Pluor.sc.nc. prob. 

rn.asur.ni.nts of th. intraly.o.o.al pH in 
living call, and th. p.rtutoation of pH by 
various ag.nts, Proc. Natl. Acad. Sci. usa 
20 25, 3327-3331 (1978). 



F.R. Maxfi.ld, w.ak bas.s and ionophor. rap- 
idly and r.v.rsibly rais. th. p H of .ndocytic 
vesicle, in cultur.d mouse fibroblasts, j. 
C«ll. Biol. 95, 676-681 (1982). 

A. H.l.nius, m. Marsh, and J. Whit., inhibi- 
tion of S.mli)ci For.st virus p.n.tration by 
lysosomotropic w.ak bas.s, j. G sn. Virol. 58, 
47-61 (1982). 

R.T. Johnson and J.c. McArthur, AIDS and th. 
brain, TINS 9, 91-94 (1986). 



35 



PCT/US89/00762 



-115- 



P.M. Snow, M. Van de Rij n and C. Terhorst. 
"Association Batveen the Human Thymic Differ- 
ent iation Antigens T6 and T8", Eur. J. ia- 
munol., in press (1985). 

P.M. Snow and C. Terhorst, -The T8 Antigen is 
a Multiaeric Conplex of Two Distinct Sutounits 
on Human Thymocytes but Consists of Hoao- 
aultimeric Fora» on Peripheral Blood T Lym- 
phocytes", J. Biol. Chea. 258: 14675-14681 
(1983) . 

C. Terhorst et al., "Biochemical Analysis of 
Human T Lymphocyte Dif f ersntiation Antigens 
T4 and T5", Science 209 ; 520-521 (1980). 

W.H. Hildemann, "Imaunocompetanca and Allo- 
geneic Polymorphism Among Invertebrates", 
Transplantation 27: 1-3 (1979). 

V.L. Scofield et al., "Protochordate Allore- 
cognition is Controlled by a MHC-lik-e Gene 
System", Nature 295: 499-502 (1982.). 

T.L. Lenta, et al., Is tha acetylcholine 
receptor a rabies virus raceptor ?, Science 
213. 182-184 (1982) . 

J.D. Fingeroth, et al . , Epstein-Barr virus 
receptor of human B lymphocytes is tha C3d 
receptor CR2, Proc. Natl. Acad, sci. USA 81, 
4510-4314 (1984). 

P.E. Tamb urin, et al., The physiopath logy 
Friend leuJc mia, Leukemia Res. 3, 117-129 



PCTfU S89/0G762 



-116- 

(1979) . 

A. Oliff, et al. f Isolation of transplantable 
•rythroleukemia ells from mica infected vith 
helper-independent Friend murine leukemia 
virus. Blood 58, 244-254 (1981). 

J.E. Silver and J.M. Fredrickson, Suscep- 
tibility to Friend helper virus leukeaias in 
CXB recombinant inbred mice, J. Exp. Med. 
158, 1693-1702 (1983). 

P. A. Chatis, et al., Role for the 3' end of 
the genome in determining disease specificity 
of Friend and Moloney murine leuJceaia virus- 
es, Proc. Natl. Acad. Sci, USA. 80, 4408-4411 
(1983) . 

P. A. Chatis, et al., A 3' end fragment encom- 
passing the transcriptional enhancers f 
nondefective Friend virus confers erthyro- 
leuJcemogenicity on Moloney leuJceaia virus, J. 
Virol. 52, 248-254 (1984). 

A. Bosze, H.J. Thiesen and P. Chamay, a 
transcriptional enhancer with specificity for 
erythroid cells is located in the long termi- 
nal repeat of the Friend murine leukemia 
Virus, EMBO J. 5, 1615-1623 (1986). 

A.N. Barclay, et al . , Immunoglobulin-related 
structures associated vith vertebrate cell 
surfaces, in press. 



WO 89/08143 w PCT/US89/00762 

-117- 

96 - M -°- Dayhoff, w.c. Barker and L.7. Hunt 

Establishing homologies in protein sequences. 
In Methods in Enzyaology. Enzyme Sturcture 
Part I, C.H.w. Hirs and S.N. Tiaasheff, eds. 
5 (New York: Academic Press), pp. 524-545 

(1983) . 

97 * Y * v *"«gi* «t al., a human T cell-specific 

CDNA clone encodes a protein having extensive 
10 homology to immunoglobulin chains, Nature 

308, 145-149 (1984). 

98. 



15 



C.K. Sim, et al.. Primary structure of human 
T-cell receptor -chain. Nature 312, 771-775 
(1984). 

99- H. saito, et al., A third rearranged and 

expressed gene in a clone of cytotoxic T 
lymphocytes, Nature 312. 36-40 (1984). 



20 



100. 



25 



10%. 



30 



102. 



H. Saito* et al., Complete primary structure 
of th« E chain and gene or the mouse major 
histocompatibility complex, Proc. Natl. Acad. 
USA. 80 , 5520-5524 (1983). 

M. Isobe, et al., The gene encoding the T- 
call surface protein T4 is located on human 
chromsome 12, Proc. Natl. Acad. Sci. USA, 83, 
4399-4402 (1986). 

J.M. Roberta and R. Axel, Gene Amplification 
and Gene Correction in Somatic Cells, Cell 
29, 109-119 (1982). 



35 



WO 89/08143 




PCT/LS89/00762 



103 



104 . 



10 

105, 



106, 



15 

107, 



108 



20 

109, 



110. 



35 



113. 
114. 



D.S. Pfarr, G. satha and M.I. Raff, A Highly 
Modular Cloning vector for tha Analysis of 
Eucaryotic Ganaa and Gana Regluatory Ela- 
manta, DNA, 4, 461-467 (1983). 

G. Urlauto and L.A. Cha.in, Isolation of Chi- 
na.a Haast.r Call Mutant. Deficient In Dihy- 
drofolata Raducta.a Activity, p roc . Natl. 
Acad. Sci. USA, 77, 4216-4220 (1980). 

Gay, D. et al., Natura 328: 626-629 (1987). 

Slactanan, b.d. at al., Natura 328; 3 51-3 53 
(1987) . 

Yanisch-Parron, at al., Gana 33: 103 (1985). 

Barg, p., . t al. Mol. call. Biol. 3: 246 
(1983). 



Subraaani, at al., Mol. Call Biol, i; 8 54 
(1981) . 



Frayna, at al., Mol. Call Biol. 4: 2921 
25 (19«4). 

111. Scbuaparli, at al., Proc. Natl. Acad. Sci. 

USA Jli 257 (1982) . 

x 112. Groaa, at al . , Mol. Call Biol. 5: 1015 

(1985) . 



Pfarr, at al., DNA 5: 115 (1986). 

Ra , at al.. Call I maun 1. SJ): 310 (1983) 



t t 



WO 89/08143 PCT/US89/00762 

-119- 



10 



15 



115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 



McClura, at al., cold Spring Harbor Confar- 
•nca on Call Proliferation 9: 345 (1982). 

Urlauto, at al., Call 33: 405 (1983). 

Kia, at al.. Call 42: 129 (1987). 

Wigler, at al., pnas USA 76: 1373 (1979) . 

Copaland, at al., call 17: 993 (1979). 

Sattantau, at al., Scianca 234: n 20 (1986). 

Graan.tain, at al., Ann. m«t. Paatuar 138- 
134 (1987). ' 

Gay, at al., Ann. I9nst. Paataur 138: 127 
(1987). 



20 



25 



30 



35 



WO 89/08143 fc> PCT/LS89/00"62 

-120- 



What is claimed is: 



1. A therapeutic agent capable of specifically forc- 
ing a complex with human immunodeficiency virus 
envelope glycoprotein comprising a polypeptide, 
the amino acid sequence of which comprises the 
amino acid sequence shown in Figure 6 from about 
+ 3 to about +185 fused to the amino acid sequence 
from about +351 to about +369. 

2. A therapeutic agent capable of specifically form- 
ing a complex with human immunodeficiency virus 
envelope glycoprotein comprising a polypeptide, 
the amino acid sequence of which comprises the 
amino acid sequence shown in Figure 6 from about 
+3 to about +106 fused to the amino acid sequence 
from about +351 to about +369. 



3. A therepeutic agent capable of specifically form- 
ing a complex with human immunodeficiency virus 
envelope glycoprotein comprising a polypeptide, 
the amino acid sequence of which comprises the 
amino acid sequence shown in Figure 6 from about 
+3 to about +185 ♦ 

4. A pharmaceutical composition which comprises an 
effective amount of the therapeutic agent of any 
of claims 1, 2 or 3 and a pharmaceutical^ accept- 
able carrier. 

5. A method for treating a subject infected with a 
human immunodeficiency virus which comprises ad- 
ministering to the subject an effective amount of 
the pharmaceutical composition f claim 4. 
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6. An expression vector encoding the polypeptide of 
any of claims 1, 2, or 3. 

7. A host cell comprising the expression vector of 
claim 6. 

8. A bacterial host cell of claim 7. 

9 - Escherichia coli host cell of claim 8. 

10. A eucaryotic host cell of claim 7. 

11. A mammalian host cell of claim 10. 

12. A yeast host cell of claim 10. 

13. A insect host cell of claim 7. 
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14. A method of producing the therapeutic agent of any 
of claims 1, 2, or 3 which comprises growing the 
host vector system of claim 6 under suitable con- 
ditions permitting production of ths therapeutic 
agent and recovering the therapeutic agent so 
produced. 
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Figure 9A. 
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Figure 9A, 
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Figure 9B 
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Figure 11A. 
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Figure IIA2 



Rsal Rsal 



0.5 0.6 OA. 



T8F1 cDNA 
3 ' (1.5 Kb) 



WO 89/08143 



22/36 



PCT/US89/00762 



Figure 11B. 
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Figure 11B 2 
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Figure 12 
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Figure 18A 
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